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ABSTRACT of THESIS
2-MethyIcyclopent-2-ene-4-one 1-carboxylic acid 
monohydrate has been prepared by acidic hydrolysis of methyl 
3-hydrox.Y^5-methylc.Yclopentadiene l:2:4-^ tri carboxyl ate and of 
methyl 3-amino—5 Hiiethy Icy dopent adi ene 1:2:4-tricarboxylate,
Alkaline decarboxylation of 2-methylcyclopent-2-ene- 
-4-one 1-carboxylic acid monohydrate has been shown to give 
3-me thylcy cl op ent-2- ene-1—one which has also been synthesised 
by the cyclisation of acetonylacetone,
The sodio derivative of methyl 3-hydroxy-5-methyl- 
-cyclopentadi ene 1:2:4-tric arboxylate has been prepared from 
methyl malonate and methyl aa*—dibromo-p-methylglutarate and 
has been converted, by treatment with ethyl iodide, into methyl
2-0 thyl-3-hy droxy-5-me thylcy clop ent adi ene 1:2:4-tricarboxylate • 
The ethylated compound, on acidic hydrolysis, has been shown 
to give bpth 2-ethyl-4-methylcyclopent-4-ene-l-one and
2-etbyl-5-methylcyclopent-5-ene-3-one 1-carboxylic acid.
The product of ozonolysis and subsequent oxidative 
hydrolysis, of 2-ethyl-4-methylcyclopent-4-ene-l-one has been 
characterised as a-ethyl-laevulic acid thus confirming the 
relative positions of the ethyl and - methyl groups in the 
cyclic ketone.
From the treatment of ethyl 3-methylcycloprop-2-ene 
1:2-dicarboxylate with ethyl cyanoacetate was obtained the sodio 
derivative of ethyl 3-amino-5-methylcyclopenta.diene
-il-
l:2:4-tric arboxylat Go This has been shown, after treatment 
with ethyl iodide, to give ethyl 2-ethyl-3-imino-5-metb,ylcyclo- 
-pent—4—ene 1:2:4-tricarboxylate which after acidic hydrolysis 
gave 2- ethyl-5 -me thylcy clop ent-4-ene -3-one 1-carboxylic acid.
This acid has been shown to differ from its isomer j 2-ethyl-5- 
methylcyclopent-5-ene-3-one 1-carboxylic acid, by exmnination 
of the infra-red and ultra-violet absorption spectra, and from 
a study of the derivatives, of the two compounds.
Alkaline decarboxylation of 2-ethyl-5-methylcyclopent- 
-4-ene-3-one 1-carboxylic acid has been found to give a ketone 
which is identical with the previously mentioned 2-ethyl-4- 
-methylcyclopent-4-ene-l-orieo
Treatment of the sodio derivative of methyl 3-hydroxy- 
-5-methylcyclopentadiene 1:2:4-tricarboxylate, with methyl iodide, 
gave a methylated product which, after acidic hydrolysis, has 
been shown to give 2:4-dimethyIcyclopent-4-ene-1-one, This is 
regarded as further evidence of the position of entry of alkyl 
groups into the sodio derivative.
A tentative structure has been suggested for an ethyl- 
-metliylcyclopentenone obtained after the acidic hydrolysis of the 
product of the reaction of ethyl 3-methylcycloprop-2-ene 1:2- 
l:2-dicarboxylate and ethyl a-cyanobutyrate,
The assumption of a bridged ring in the sodio 
derivatives of methyl 3-hydroxy-5-methylcyclopentadiene 1:2:4- 
-tricarboxylate and ethyl 8- amino-5-methylçyçlpp ent adi ene 1:2:4- 
-tricarboxylate has been shown to be unnecessary.
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1Introduction.
Object of the present investigation.
Goss and Ingold (J. Chem. Soo., 1928, 1268) carried 
out two series of reactions which they believed followed the 
courses represented by A and B as follows:-
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i
CHBr
j
CO Me
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However, the final product of synthesis A, represented 
by (1) proved to be identical with the final product of synthesis 
B, represented by (11), These authors do not suggest which of 
these two structures is to be preferred.
Many years later Acheson and Robinson, (J, Chem, Soc., 
1952, 1127), advanced on alternative structure for the product 
of both these syntheses which is different from (1) and (11),
It is
?2^
M e . y ^
, HgO,
0
C
The arguments of Acheson and Robinson in favour of 
this new structure are
(i) that the infra-red absorption spectra of both 
the acid, and its ethyl ester, "are not consistent with any 
other structure"
(ii) that the ultra-violet absorption spectrum 
of the ethyl ester in methane lie solution confirm the 
cyclo-2-enone structure
(iii) that decarboxylation of the acid gives
3-methylcvclopent-2-ene-l-one (Xll)
(iv) that, in view of the fact that the compound 
gives no colour with ferric chloride and is stable to acid,
the carboxyl group is unlikely to be present at positions 2 or 5
3and therefore is probably present at position 4 (considered 
as a substituent into the methylcyclopentenone nucleus). .
It was accordingly suggested, to the candidate, 
by Dr. D.R, Goss, that syntheses A and B should be repeated: 
this has now been done and the results confirm that the 
products of both series of reactions are identical. The 
further suggestion was made by Dr. Goss that an examination 
should be made of the structures of two intermediate 
compounds encountered during the two syntheses in order to 
establish whether formulae (111) or (IV) more accurately 
described the one and (Vll) or (Vlll) the other.
(A) Accordingly the sodio derivative (111) was allowed 
to react with ethyl iodide and the product hydrolysed with 
concentrated hydrochloric acid. Two products were obtained, 
(!) a completely decarboxylated ketone,
(ii) a mono-carboxylic ketone,
The preferred formula for A (i) is 2- e thy 1-4-me thy Icy cl opent - 
—4—ene—1—one (XI)
Me
XI
This opinion was arrived at as a. result of
(a) infra-red spectrographic examination of this 
compound and of 3-methylcyclopent-2-ene-l-one. (Xll)
Me_y\
Oo
Xll
(b) a difference in the infra-red absorption 
spectrum of the ketone (XI) with respect to the spectrum 
of a compound;
Me</
Et^ '~Vq
the structure of which was considered to be known by virtue 
of its mode of preparation (see later)
(c) a ring-opening experiment, with ozonised oxygen, 
which gave a-ethyl-1 aevulic acid (Xlll) as a product
XI Xlll
(d) the preparation of 2:4-dimethylcyclopent-4-ene- 
-1-one (XIV); (Nazarov and Elizarova, Chemical Abstracts, 1952, 
45, 914), in a manner similar to the preparation of the ketone 
(XI)
\.Me
'0 
XIV
5The preferred structure for A (ii) is 2-ethyl-5- 
-methyIcyclopent-5-ene~3-ono 1-carboxylic acid
qOgH
XV
This opinion was arrived at as a result of
(a) comparing the infra-red absorption spectrum 
of this compound v/ith that of the keto-acid (C) /
(b) the facile loss of the carboxylic acid group, 
to give ketone (XI), in contrast with the extreme difficulty, 
with which the carboxylic acid group from keto-acid (C) was 
lost to give ketone (Xll)
The ultra-violet spectrographic examination of 
this compound did not allow of any general deductions being 
drawn.
(B) The sodio derivative (Vll) was allowed to react with 
ethyl iodide and the product heated with concentrated 
hydrochloric acid: in this case only one product was isolated, 
a mono-carboxylic ketone, Decarboxylation of this
acid yielded a ketone which proved to be identical with A (i) 
reported on page 8.
The suggested formula for the mono-carboxylic ketone 
is 2-ethyl-5-methylcyclopent-4-ene-3-one 1-carboxylic acid,
COgH
— 0^
This opinion was arrived at as a result of
(a) infra-red spectrographic examination of this 
compound and a comparison of its infra-red absorption spectrum 
with that of the isomeric keto-acid (XV) and of the 
keto-acid (C).
(b) ultra-violet spectrographic examination of the 
compound which gives support to the cvclo-2-enone structure*
(c) the decarboxylation of the compound to give a 
ketone, the structure of which rests on the evidence of the . 
structure of the identical ketone (XI).
. These collected results are in harmony with the 
structure (Vlll) but not with the structure (Vll), nor with 
the structure (V), No firm conclusions can be drawn regarding 
the correctness of the structure (VI), from the evidence 
afforded by its alkylated product, althou^ the existence of 
the bridge-bond structure is unlikely on general grounds *
The work described in this thesis is schematically 
represented in figures 1-4,
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The Syntheses of Bridged Rin^ Compounds<,
The first attempt to prepare dicyclopentane 
compounds was made by Perkin, and Thorpe (J. Chem. Soc. , 1901, 
79, 729) who obtained the yellow sodio derivative,
GOg^t
, XVll ;
CO^Et 0
as product of the reaction between ethyl aa’“dibromo-[3{3~ 
dimethylglutarate (XVlll) with ethyl malonate in ethanolic 
sodium ethoxide.
COgEt
CHBr.CO^Et 
Me^cr " + CHNa(CO^Et)g
C^I-IBr.CO^ EtC
XVlll
'gl'iaCCGgEt)
\L XVll
COgEt 0
+ 2HBr + CgH^OH
The course of the reaction was considered to be
MSgC:
^CEBr.COgEt
'^CHBr.COgEt
.fCO^ Et
CChEt
Me„<
rCO„St
XVlll
+ CmiaCCOgEDg M e ^
^COgEt \
XIX
-(COgSDCMaCCOgSDg
XIX
-H(COgEt)
^/-(COgEt)Ca(COgEt)g
XX
Meg.(
fl(COgEt) ^
12
This ester (XXI) was obtained from the reaction 
mixture by heating for a shorter time than that required for 
the formation of the bicyclic compound (XVll). Proof of the 
structure of the ester (XXI) was. afforded by the fact that an 
ethylated dérivâte could be obtained by treatment of the 
compound with sodium ethoxide and ethyl iodide. The only 
alternative structure for the ester (XXI), that designated
 ^ H vCOgSt
Meg / ')(C0gEt)2 XXll
X
which was compatible with the analytical figures, contains no
hydrogen atom capable of replacement by sodium.
The ester (XXI) could undergo internal condensation 
with the elimination of alcohol to produce compounds having 
structures of either (XXlll) or (XXIV).
Me2.//V(C0gEt)g M e / | > 0
XXlll
\j/
COgEt 
XXIV
However, ester (XXlll) contains no hydrogep atom replaceable 
by sodium and could not therefore,give the sodio derivative 
(XVll), to which it thus seems necessary to assign a bicyclic 
structure. pO^Et
MegY^XllaCCOgEt)
/  XVll
COgEt 0
It is true that an ester of structure (XXIV) 
contains a. replaceable hydrogen atom but examination of 
the substances obtained from the sodio derivative shows 
that this structure cannot be the correct one.
13
14
Evidence of the Bicyclic Nature of these Compounds.
This evidence may be considered under two headings.
(i) Synthetic evidence.
(ii) Degradative evidence.
(i) Synthetic evidence,, commencing with straight chain compounds 
Experiments on the unequivocal formation of 
dicyclop entane derivatives were commenced with attempts to 
prepare an ester of the structure,
.rCOgEt .
XIX
by Perkin and Thorpe (loc.cit).
This ester contains a double bond between carbon 
atoms, both of which are combined with carbethoxy 1 groups, 
and was expected to react with the sodio derivative of ethyl 
malonate as follows:-
^COgEt yj-(COgEt)CNa(COgEt)g^
Me^<" ll + CHNa(CO^t)^ = Me,'2 'xJI I
^^COgEt ^^HfCOgEt)
XIX XX
If then the ester obtained from this sodio 
derivative (XX), by acidification, would condense, with
15
the elimination of ethanol, the product would be
COgEt
/ I -'i--
COgEt O
that is, the keto-ester which should be obtainable from 
the sodio derivative (XVll).
However, even though ethyl c-br omo - (3 p - dime thy Iglutar at e 
loses hydrogen bromide under suitable conditions (Perkin and 
Thorpe, J. Chem. Soc., 1899, 75, 48) to give the potassium 
salt of caronic acid (XXVI),
^CHBrCO„Et 
Me„C<: + KOH — ^ Me, /
-CHgCOgEt XicOgK
XXVI
the required ester (XIX) could not be obtained by the 
elimination of two molecules of hydrogen bromide from 
ethyl aa *-dibr omo-p (3-dime thylglut ar ate,
^CHRrCO„Et
Me,C<r = Me„< + 2HBI-
^CHBl-COgEt ^Mc O g E t
XVlll XLZ
It was later found by Ingold (J. Chem. Soc.,
1922, 121, 26,76) that, treatment of di-ethyl and di-methyl
16
aa^-dibroirto-p-methylglutarate with dilute aqueous sodium 
aarbonato yielded 1296 of methylbromocyc 1 opropane 
diearboxylic acid (XX¥11)
-CHBrCO Me jH.GOgH
Me-CH — -i Me< I — > Me( |
^CHBrCOgMe %rCOgH ^koHjOOgH
XXVll
but that two molecules of hydrogen bromide could not be 
eliminated to give an unsaturated acid.
It transpired that the unsaturated ester (XIX) is 
formed in the first instance but is so reactive that it at 
once condenses with the solvent ethanol to form ethoxycaronic 
acid. Experiments replacing the sodium ethoxide by di-ethyl 
aniline, silver oxide and similar reagents failed to produce 
the desired unsaturated substance. No success was met with 
in attempts to remove ethanol from ethoxycaronic acid by means 
of sulphuric acid.
Perkin and Thorpe (J. Chen Soc., 1901, 79, 729) 
pointed out that the behaviour of o-bromo esters towards 
ethyl sodio malonate and similar sodium compounds has shown 
that the reaction must have proceeded in two stages.
(i) The alkaline sodium compound causes elimination 
of hydrogen bromide and the formation, of an unsaturated ester, 
and
(ii) the unsaturated ester then rapidly combines
17
with a further quantity of the sodium compound present.
Thus, when ethyl u-bromoisobutyrate is treated 
with ethyl sodio malonate, the following reactions occur
CHg
(i) ":.CBr.CO.Et '^C.CO_Et
CHg,
(ii) '^ .C.GOgEt + CHNa(OOgEt)g
Me
CO^t. CH(Me )CHgCNa(COgEt ) ^
Moreover, treatment of ethyl aa*-dibromo-(3p-dimethyl- 
-gluta rate with ethanolic sodium ethoxide gives ethyl 
ethoxycaronate (XXVlll), (Perkin and Thorpe, loc.citj, showing 
that the unsaturated ester had been formed but had subsequently 
reacted with the excess of ethanol,
COgEt
,Cœr.CO_Et >OEt
Me_C + EtOH = Me„< I
■'cmr.co^t \l ^
H ^
XVlll XXVlll
However, as previously mentioned (page 11), treatment 
of the ethyl uu ' - dibromo -p {3-dime thylglut arat e and ethyl sodio 
malonate with ethanolic sodium ethoxide yielded the sodio 
derivative (XVll) which shows that the unsaturated ester (XIX) 
combined with the ethyl sodio malonate more rapidly than with 
the ethanol.
18
The sodio derivative of the ester (XX) was 
considered to undergo a Dieckmann Reaction to form the 
substituted dicyclopentane,
"(COgEt)C.Na(COgEt)g . (CO„Et)
2
— >
"i#(COuEt) /----
COpEt u
XX XVll
This structure was also favoured by Dieckmann (Berichte, 1900, 
83, 2678).
Synthetic evidence, commencing with cyclopropane derivatives.
The starting point for these reactions was diethyl 
or dimethyl 8-methylcycloprop-2-ene 1:2-dicarboxylate (XXIX) 
the constitution of which is discussed by Goss, Ingold and 
.Thorpe (J. Chem. Soc., 1923, 123^  327, 3342; 1924, 125^  1927; 
1925, 127, 460). Herein, it is shown that the additive reactions 
of the corresponding acid, "Eeist’s Acid'*, suggest that the 
double linkage is in the position indicated in structure (XXIX) 
and not in the position indicated in (XXX) nor in (XXXI)
OOghG ^paMe qOgMe
Me .A .cc^Me CI^ rX-l-Jk-COgMe
xnx X X X  XXXI
Recent studies of physical evidence by Petersen
19
(Chemistry and Industry, 1956, 904) and Kende, (ibid., p.544) 
leave little doubt that"Feist^s Acid" is more accurately 
represented as S-methylenecyclopropane l:2-dicarboxylic acid.
An investigation of the infra-red and ultra-violet 
absorption spectra of the acid and its corresponding dimethyl 
and diethyl esters is said by Ettlinger and Kennedy (ibid., p.166) 
to prove the presence of the exocyclic methylene group "beyond 
reasonable doubt".
However, in view of the fact that the cyclopentane 
nucleus has been shown, in the present work, to be formed by 
the reaction of the diethyl and dimethyl esters with ethyl and 
methylcyanoacetate respectively, there can be no doubt that 
structure (XXXI) may be caused, under suitable conditions, to 
react as structure (XXIX).
The condensation of the cyclopropane ester (XXIX) 
with methyl sodio cyanoacetate was shown to produce (Goss and 
Ingold, Jo Chem. Soc., 1928, 1268) a cyclopropane-cyano-acetic 
ester (XXXll) which, on ring closure, produces an amino-ester 
(XXXlll) apparently analogous to the keto-ester which is 
formed when the corresponding cyclopropane-malonic ester (XX) 
undergoes ring formation.
' " - 4 = ^  00^, ^  m
CHg-C=H ÇH-CIN
COgËe \  COgDAe
:xxxii
20
CCUMe
Me ......^ M e . y \ . 00gMe Me. cOglfe
CH-c;N ,t 1,^ ' ,l1— il,
COgMe COgMe COgMe ™ 2
XXXll XXXlll XXXLV
TliG possibility that the amino-ester (XXXlll)
might be present as the mesomeric cyclopentadiene (XXXIV)
and that the two imino-phases might also be present was
not overlooked by these authors.
(ii) Degradative evidence.
As a result of the suggestion by Toivonen
(Annalcn, 1919, 419, 176) that bridge-bonds were not
present in the sodio derivative (XVll), Farmer and Ingold
(J. Chem. Soc., 1920, 117, 1362) made a further examination
and concluded that Toivonen*s criticism lacked foundation.
An outcome of the work however, was the realisation, at a
later date, (Farmer, Ingold and Thorpe, ibid.,
1922, 121, 128) of the possibility that the presence of the
bridge-bond structure alone, in some of the compounds under
consideration, might not fully represent the true situation.
This opinion will be discussed in the section which
relates to tautomeric change in bridge-ring systems.
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Stability of Bridge-Bonds
An investigation into the stability of spiro 
compounds of type (}CKXV) was carried out by Ingold and 
Thorpe (J. Chem, Soc,, 1919, 115, 320), An analogous 
preparation to that described earlier by Perkin and Thorpe 
(ibid; 1901, 79, 729) was used but ethyl aa’-dibromo-p(3~ 
dimethylglutarate was replaced by ethyl aa'-dibromoeye 1 ohexano 
1:l-diacetate, (XXXVl)
Treatment of this spirocyclic compound with sodio 
ethyl malonate gave ester (XXXV) which could be converted 
into the di-acid ester (XXXVll) by treatment with cold 
dilute hydrochloric acid.
10
CHBr,CO Et 
CHBr,COgEt
XXXVl
+ CHNa(COgEt)g CgHio
KCO-Et)
cJa(COoEt)
'LH(COgEt)
:0oH
Cr-H
5 ^ X 0 : ^ '  MI(OOgH)
‘■Jj, 
GOJSt
I
0
C Æ 0 \ y f \ . Na(GOgEt)
0
XXXVll XXXV
Alkaline hydrolysis of compound (XXXVll) gave a 
dibasic acid which was neither an aldehyde nor a lactone.
It was a fission product formed by breaking one of the bonds 
(1:2), (1:4), (1:5) or (4:5) of the dieyelie system.
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Properties of the product showed that the bridge-bond (1:4) 
remained intact and that one of the cyclopropane bonds 
(1:5) or (4:5) had been broken to yield,
g:G = 0 
''G(OH)
I
GO H
Méthylation of the sodio compound (XVll) of 
Perkin and Thorpe (loo. cit.),
COgEt 
Meg//\, Na( COgEt )
dbgEt ^ °
XVll
and subsequent alkaline hydrolysis of the product (XXXVlll), 
showed the entrance of the methyl group at carbon atom 
(2) created instability between carbon atoms (2) and (3) 
and that fission takes place with the formation of the 
cyclopropane acid (XXXIX) which then undergoes a second 
fission according to the scheme:-
ÇO^Et
E^t : , y-(CO^H)CH(Me)GOgH
XXXIX
- GOgjit p:%;CH(Me)COgH
XX5CV111 0
^ ''■CHg-C=0
28
It can therefore be seen that the bridge-bond 
is at least as stable towards reagents as other carbon-carbon 
bonds and even though on hydrogenation the bridge-bond is the 
more readily reduced (Ingold and Thorpe, J. Chem, Soc., 1919, 
115, 320) its existence should not be in doubt.
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Tautomeric Change in Bridge-Ring Systems
Doubt was cast by Toivonen (Annalen, 1919, 419,
176) on the correctness of assigning the bridged 
constitution to any of the types of compounds under 
consideration. He obtained an acid, identical to that 
formulated by the bridge-bond structure as,
ÇOgH
Meg...
'0
XL
which by reason of its mode of production by him, viz,
.CO.CO„H ,^C(COJ-I)= CH
Me„ C,  ^ ^  ^ !
^ ^CHg.COGH ^CHg   C = 0
XLl
he considered to be a cydopentene derivative. His opinion 
was that all compounds of the series, including the sodio 
derivative (XVll), were substances containing the, cy dopent ene
and not the "dicyclopentane ring" system,
Toivonen argued, that since carone, dimethyldicyclo- 
heptanone (XLll), can be oxidised to caronic acid, a cyclo­
propane derivative, the acids derived from dimethyldicyclo- 
pentanone, should behave similarly. Thus,
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CI-LCIhGH Me
Me g C ^
CH.GH2C=0
XLll
KMnO4v.
Me^C"
.C(COgH)-CH.COgH
CH-
XLlll
0=0
J
Me C
^CH.GOgH
GH.GOgH
trans -Caronic Acid
The acid (XLlll) was not oxidisable to trans-Caronic 
acid by potassium permanganate, However, by adding cold 
potassium ferricyanide solution over the period of a week, 
reaction was found to occur, by Farmer and Ingold, (loc.cit.), 
giving trans-Caronic acid. This evidence further substantiated
I
the existence of bridge-bonds in compounds of this type.
The behaviour of the monobasic acid (XL, iCLlV) 
towards alkaline permanganate had been studied by Perkin 
and Thorpe (loc.cit,) and later by Toivonen (loc.cit,), In 
both cases cc- dihy dr oxy- P (3 - dime thyl glut ar i c acid and aa-dimethyl- 
-succinic acid were shown to be present in the product. The 
latter worker explained this along conventional lines 
assuming the correctness of the unsaturated structure of 
the reagent. The successive stages are as follows;-
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Me 2 G
C(G02H)=GH
GH^ ----- G=0
C(002H)(0H),GH,0H
—  ^ Me^C^
CH, G=0
XLl
MegCI
, ^G(0H)2G02H
CHg GO.CHO
MegC ..
^C(OH)gCOgH
CHg.CO.GOgH
Me„C ^  2
Me,,G
/ G O 2H
GCOH^oGOgH
CHg.GOgH
Oxidation of the mono-carboxylic acid (XL,XLl ) with 
potassium ferricyanide was further investigated by Farmer, 
Ingold and Thorpe (loc.cit,) who carried out the reaction at 
40°, They were not able to identify all of the oxidation 
products but succeeded in isolating, besides trans-Caronic acid, 
derived from the bridged form, diraethylaconitic acid (XLV) 
evidently derived from the unsaturated form (XLl).
^G(C02H)=GH 
^ —  G=0
XLl
G(G02H)=GH
COgH GOgH
XLV
It was therefore suggested that certain bridged acids 
of the dicyclopentane series are, in some circumstances, 
capable of reacting as though they were their unsaturated
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isomerideso The assumption was made that, since the 
transformation of the acid (XL) into the unsaturated form 
(XLl ) must involve the passage of a hydrogen atom across 
the cyclobutane ring, the mobile hydrogen atom passes by way 
of the ketonic oxygen which is thereby converted into its 
enolic form.
This suggestion offers a reasonable explanation of the 
fact that, in the case of the dibasic acid (XLlll) the bridged 
form appears to be relatively,more permanent than in the case of 
the monobasic acid (XL), That this is so,' is shown by the larger 
yield of trans-Caronic acid obtained from the dicarboxylic acid 
(XLlll, XLVl). Thus the attachment of a carboxyl group at 
position. 2 has the effect of stabilising the bridged enolic 
phase (XLVll) since the compound is then a substituted aceto- 
-acetic acid and by thus reducing the permanence of the 
unsaturated enolic phase (XLVlll) would favour the reactions of 
the bridged modification.
C(C02H)-C[H],C0^H
c=o
^C(GOEI)=C.COJ1
MegCj I
— 6=0
XLlll
,C(GO„H)-C.GO„H
•^1 II
CH   C-0[H]
XLVll
MSgG
XLVl 
C(CO H)=C.C02H
G H = -  G-0[H] 
XLVlll
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Alkylation of these Tautomeric Substanceso
Perkin and Thorpe (loc<,c;H,) methylated the sodio 
derivative (XVll) by heating it under reflux with methyl 
iodideo The product was given the formula of .ethyl 
2:5 ;5~trimothylketodicyclopentane l:2:4“-tri carboxyl ate (XXXVlll) 
Hydrolysis of this compound gave the mono-carboxylie acid (XLIX)
COgEt COoH
MeoY' /
XXXVlll
Mep^yy\,Me
'le
COgEt XLIX
Interpretation of the work of Perkin and Thorpe 
(IWc oCit,) w a s  revised in the light of knowledge obtained by 
Grimwood; Ingold and Thorpe (ibido, 1923, 123, 3303) who 
suggested that, since the sodio derivative (XVll) should be 
assigned the two structures (h, LI):-
C^OgEt po^Et
g COgSt . Meg^/yV,
:
COgEt
CO„Et  ^ COgEt OEa
L KL
Q problem of orientation was met with on introducing
an alkyl group into the system. Thus the alkyl group might enter
the substituted cyclopentadiene (L) at position (4), through the
operation of the g-ketonic ester group derived from
4 3/
= C--ONa,
COgEt
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or in the bridge-bond structure (LI) at position (2) through
the p-ketonic ester group derived from
2MC - COgEt 
8 C - ONa
The product of méthylation would be either 
qOgEt
Me2
Me
KLl
CO^Et
0
from the cy dopent adiene (L), or
Meg ^
(^ OgEt
COpEt
Me
0
from the bridge-bond compound (LI)
COgEt 
XXXVlll
Hydrolysis of the cyclopentene structure (Lll) would
9
Me
Me
or
Mep'X/ ^
LV
0
and of the bridge-bond structure (XXXVlll) either.
^^ '^2 V  \>/Me
'o
LVl
or
COgH
u  •
LVll
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Treatment of the mono-carboxlic acid (XL,XLl), with 
nitrosyl chloride, gave a pale yellow oximino derivative which, 
on hydrolysis with hydrochloric acid in the presence of 
formaldehyde, gave a diketonic acid (LV111,L1X). Knowledge of 
the structure of this diketonic acid would establish whether 
the original acid had reacted in the bridge-bond or cyclopenta- 
diene form.
^C(CO_H)-CH_ ^C(C(1II)-C=N0H ,C(C0Æ)-C=0
X  I ^  \ ^ ^ ! X I  / ^ I
MOgC I I -—  ^ Me^ C^ I I  ^ MOgC ) I
Ct » 2 "s. ! f
^CH C=0 ^ C H ----  c=0   0=0
XL LVlll
C(CO H)=CH C(CO H)= CH C(CO H)=CH
MegCf^ j | MSgO' j
— — 0=0 ^ 0(=N0H ) - 0=0 00 -^ --- 0=0
XLl LIX
Treatment of the diketonic acid with cold dilute 
alkaline hydrogen peroxide gave dimethylaconitic acid ,(X LV) thereby 
proving the mono-carboxylic acid (LIX) to be a cyclopentene.
^C(CO_H)=OH 0(00Æ=0H
X  2 ( X   ^ I
Me C ^  , I I
\ C 0 — —^ 0=0 ^COgH COgH
IIX XLV
Trimethylaconitic acid (LXl) was obtained by treatment 
of the methylated mono-carboxylic acid (LVl) in a similar manner, 
thereby showing (idem, loc.cit.) that the reaction had followed
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C(CO_H)=C-î'Ae C(CO H)=C-Me
the route
MegC"^  I
'^CHg C=0 '^C(=N0H)-C=0
LVl
.C(CO„H)=C-J.îe .C(GO„H)=G-Me
yT  ^ j "H* O f
HGl Me^ G;^ "2^2 Me„G |
^ c o  C=0 )
IXl
as only in this manner is it possible to retain the third methyl 
group.
Thus the later workers substantiated the claim of 
Perkin and Thorpe (loc.cit.) that alkyl groups would enter the 
sodio derivative (XVll) at position (2).
32
Discussion of Results..
Reaction Between Methyl Malonate and Methyl g&i-Dibromo-
-g-methylglutarate.
In their original paper, Goss and Ingold (J. Chem. 
Soc,* 1928, 1268) do not limit the product of the above 
reaction to being a bicyclopentane derivative. The possibility 
of the product (111,IV) existing in the cyclopentadiene form 
was appreciated and formulae for both forms are given.
The evidence at the time, however, pointed to the 
product being obtained as a result of the following series 
of reactions:- ■
I'le-CH
^Cmr.COgMe
CHBr**COJl'Ie
NaOMe,
COpMe
Me<^ |i
'^ LcOr.Me
COcMe
I
COgMe
NaOMe
Me
qOgMe
COMio
COgMe
COgXIe 01^  ^ COgMe
IV 111
However, Acheson and Robinson (ibid., 1952, 1127) 
state that the bridge-bond structure is unlikely on stereo- 
-chemical grounds. These authors showed that the infra-red 
absorption-spectrum of the free hydroxy compound is compatible 
with the presence of a large proportion of an unconjugated
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ester group and suggested the following structures for 
the sodio derivative:-
COgMe 
V-COgMe
fîOgMe 
Ma COgMe
COgMe
LXll
"ONa. do
Jj
.Me ONa2
LXlll
Ache son and Robinson further state that the 
cyclopentadiene structure (1V\ advanced by Goss and Ingold 
(loc.cit»^  can account for but little of the material since 
this structure contains no unconjugated ester group.
It may be noted that Acheson and Robinson (loc.cit.) 
omit to mention the possibility of the structure,
Me ..^/^X^OgMe 
dOgMe
being present although it satisfies the conditions specified 
by their interpretation of the infra-red absorption-spectrum.
3 Its presence is, however, ruled out, by the fact,
to be shown later, that éthylation of the sodio derivative 
does not occur in the position to be expected of such a 
structure.
To derive structures (1X11,1X111) from the bridge- 
-bond compound (111) necessitates the movement of a non-labile 
hydrogen atom J as follows:-
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ÇOgMe 
Mev^ Xt.,,C0„Me
-- U
111
'ONa
Me.
ÇOpMe
'\ÆOgIiîe
m i
O^glvlc 
Me 'Y'.COg&le
ÇO^ Îf
COgMe
111
Mes^^VcO^Me
i_l.
OO-Me
2' 
ONa
LXlll
The cyclop eut adi ene structure (IV) proposed by Goss 
and Ingold (loc.cit.) would be expected to be in resonance 
with the bridge-bond structure (111) and does not necessitate
the movement of a proton.
COgMe
111
Me^XyCOgMe
ONa
îO'gMe 
Mex.^'\yCOgMe
.J ÏV
'^ONa
COgMe
Many attempts were made by the author to prepare a 
solid derivative of the sodio derivative (111,1V,1X11,1X111) 
or of its hydroxylie form since it was thought that the 
separation and characterisation of isomers, if the material 
was a mixture, would thereby be made easier. Neither 
Acheson. and Robinson (loc.cit.) nor Goss and Ingold (loc.cit.) 
mention the preparation of derivatives of the compound. The 
former workers consider the compound to exist in its hydroxlic 
form in view of the non-formation of ketonic derivatives. 
However, it has not been possible to prepare derivatives of
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the compound from the point of view of its being in the ketonic
or the hydroxy lie form. Thus, treatment of the sodio derivative
(111,IV, 1X11,IX'lll) with an acidic solution of 2:4-dinitro-
-phenylhydrazlne did not give a solid derivative. Neither
couldthe semicarbasone be prepared by the normal method.
The inability of the compound to act as a ketone
necessitated attempts being made to prepare derivatives usually
obtained from hydroxyl groups. Unfortunately a benzoate could
not be prepared. It was also impossible to prepare ther 
xanthydryl, p-ethoxybenzhydryl or triphenylmethyl derivatives
•or the S-bensylthiouronium salt.
Attention was next turned to the possibility of
obtaining a metallic salt of the ester under discussion. To
this end the hydroxy-ester was added to a number of inorganic
salt solutions. Only in the case of the addition to a copper
sulphate solution was, a solid obtained. This could not be
crystallised from organic solvents nor from water, in which it
was insoluble, and in which it slowly became gummy.
Vigorous Hydrolysis of the Sodio Derivative.
The sodio derivative (111,IV,1X11,1X111) on hydrolysis 
was considered by both groups of previous workers to give a 
mono-carboxylic acid which was found by Acheson and Robinson
to be monohydrated (C). This claim has now been substantiated,
COgH
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Previously, recrystallisation of the acid was used 
for purification. This method was, however, discarded by the 
present author on realising that the acid could be sublimed 
in vacuo, whilst still retaining its water of crystallisation, 
to give a colourless micro-crystalline solid, m,p. 54-55°, 
Recrystallisation of this material from light petroleum (60/SCP) 
did not give an acid with the higher melting point of 60° 
which both sets of previous workers report. Repeated 
recrystallisation of the crude acid, which had not been 
sublimed in vacuo, gave a nearly colourless material, m,p.54-55° 
In view of the fact that the water of crystallisation 
was retained, even after sublimation m  vacuo at 50°/0,lm,m., 
the possibility was considered that the water was present in 
combination with the acid. However, the 2:4-dinitrophenyl- 
-hydrazone of the acid was found to have lost the elements of 
water, which would appear to limit the presence of the water to 
this part of the molecule, i.e.
GOgH
Mes^ I; OH 
OH
This suggestion, that water is present in chemical 
combination with the carbonyl group, is not substantiated by 
infra-red and ultra-violet spectrographic investigation both 
of which show^  in the acid, well defined conjugated carbonyl 
absorption. Thus, the unlikely situation of a compound _
37
retaining its water of crystallisation, even on the breakdown 
of the crystal lattice, seems to have occurred. No precedent 
has been found in the literature of such behaviour but it appears 
to be the only explanation,
Acheson and Robinson (loc.cit,) report that 
” complete dehydration of the acid was not effected by drying 
at 56°, in. vacuo, over phosphoric anhydride" but they do not 
state in what manner partial dehydration was observed. In 
the present case, the rruonohy dr at e d acid molecule was found to 
sublime when subjected at 0,1m.m, to a temperature of 50°.
It could well be that the loss, noted by Acheson and Robinson ^ 
was not due to partial dehydration but due to a loss, by 
sublimation, of entire monohydrated acid molecules.
Ethylation of the Sodio Derivative,
Treatment of the sodio derivative (111,1V,LX11,LXlll) 
with ethyl iodide caused an ethyl group to be substituted into 
the five membered ring; the sodium atom being removed as sodium 
iodide. The possibility that an ethyl ether might have been 
obtained was eliminated, since subsequent hydrolysis of the 
ethylated product gave a ketone, (see later).
COgMe CO^e
'■'0^ -Na /  OEtCOgMe COgMe
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The difficulty as to the point of entry of the 
ethyl group into the five membered ring now arises.
If one accepts the original structures of Goss and 
Ingold (lococit,), two products are possible
COnîÆe
111 /
COgMe
Et'E  EXl?
17
G^OgMe
Me..X%JC02Me. Me^
CO Me
^ O g M e
UCV
COUMe
If the structures of Acheson and Robinson (loc.cit,) 
are accepted then the course of the éthylation could be 
represented
œg[\([e
COgMe
UCll
0—Na
 ^ Et-I
UŒ1
COgl^jIe
COpMe
Et
X 0
COgMe
UClll UCVll
The product of éthylation gave a blue colour with
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■ ferrie chloride solution and liberated carbon dioxide from 
aqueous sodium bicarbonate. It was therefore considered to 
possess the hydroxylie structure, the equivalent ketonic 
structures being:-
Me. yCOgMe
Et
ÜOJMe
EXIV
COgMe
Et- J.0
e 
IiXV
COgMe 
^Et
CO Me
0
LXYl
ÇO^Me
Me
COgMe
r^ Et
b
COgMe
\
COgMe
Et
OH
Lxvni
ÇOgMe
Mex
Et‘“
yCOoMe
'OH
COJMe
2
EXIX
O^Me
COgRfle
EXVll
On subjecting the sodio derivative (111,1V,EX11,LX111) 
to vigorous hydrolysis, the sole product isolated was the
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mano-carboxylic acid monohydrate of niop, 54-55c. o
COgH 
Me v / x
> H„0
0
No trace of a fully decarboxylated product was found. 
Identical treatment of the ethylated product.(LXVlll, 
LXlXjIlQi) gave mainly a fully decarboxylated ketone, 2-ethyl- 
-4-methyIcyclQpent-4-ene-l-one,
M e ' '
X
0
XI
with only a small proportion of 2-etl]yl-5-methylcyclopent- 
-5-ene-3-one 1-carboxylic acid,
COgK
It appears likely, therefore, that the entry of 
the ethyl group has introduced into the ethylated product 
some factor which increases the readiness with which 
decarboxylation occurs in this compound relative to the 
readiness of total decarboxylation of the sodio derivative 
(111,IV,1X11,1X111).
By reducing the time of hydrolysis of the ethylated 
product .(LXVlll,IX1X,LXX) with boiling concentrated 
hydrochloric acid to 20 minutes, it is possible to retain one
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carboxy lie acid group in. the product which is identical to 
the ethylmethylcyclopentenone carboxylic acid, mentioned in 
the preceding paragraph*
It is therefore suggested, that the factor which 
influences the loss or retention of the final carboxyl group 
is one of conjugation and on this basis the following structures 
are proposed for the sodio derivative, its ethylated product, 
and,the products of their respective hydrolyses.
Me
QOgMe
'\
qOgH
COgMe
V'COgMe 
ONa
Me
"■-*4
IXll c
00 Me
-4i
Me
—
"0
XI
Evidence is given later (page 53) to indicate that the 
sequence^
CO^H
Me^^^^COgMe 
Et
Me,
COgMe
OH Et *0
EXIX
must be abandoned
EXXL IXXll
Additional evidence suggests that the movement of
a double bond from its position in structure (XV) to its 
position in structure (XI) must be regarded as probable.
Provided one assumes that, on vigorous hydrolysis, 
the bridge-bond in structure (LXVlll) would be broken, one
should not disregard the possibility that the ketone (XI)
would be obtained from the reaction mixture i.e.
ÇOgMe
\ rT.+
ÔOgMe
LXVlll. XI
However, it is shown later (page 58) that the entry of an
alkyl group into the bridge-bond structure (111) of the sodio
derivative is unlikely»
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Reaction. Between Dimethyl 3~Methyleycloprop-2-ene 
1;2-Dicarboxylate and Methyl Cyanoacetate»
Goss and Ingold (loc.oit,) found that the addition 
of methyl cyanoacetate across the double bond of dimethyl 
3-methyleycloprop-2-ene 1s2-dicarboxylate (XXIX) by the 
Micheal Reaction gave methyl 3-methyl-l:2-dicarbmethoxycyclo- 
propane-3-cyanoacetate (XXXll) which they isolated from the 
reaction mixture. After permitting the reaction to go to 
completion the cyclopropane ester was considered to have 
undergone a Thorpe Reaction to give a five membered ring i.e.
gOgMe
T\iTû
NaOMe
XXIX
Me <6:
COpMe
— — COgMe Me ..
CH-C3N
_COgH([G
XXXll
e COgMe
Amino-ester A
^OgMe
COgMe
COgMe """2
XXXlll
The possibility of the existence of the two structures
ÇOgMe 
Me. GOJ'Æe
OgMe
COglVîe
yCOgl^ /[e
Amino-ester B
NHg
was not overlooked,
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I n d e e d  these structural formulae were originally 
assigned (idem, loc.cit,) to two separate products of the 
reaction and were called amino-ester A (XXXlll) and amino-ester 
B (XXXIV).
Mention was also made of the imino phases,
Me.yxÿOpMe
 : and ___^
cdgMe ®  CO^ei^H
but it is unlikely that these are present since Goss and
Ingold reported partial hydrolysis of the amino-ester A to 
a dimethyl hydrogen ester by caustic potash without loss of 
nitrogen.
Acheson and Robinson (loc.cit.) have erroneously 
transcribed the formula (LXXlll) of Goss and Ingold in the 
sequence of reactions they outline. The structure was 
originally formulated as the amino-ester (XXXIV).
COAMe Me. llGc&ivie
COgtfe
IXKlll XXXIV
Attempted Preparation of the Hydroxy Derivative Corresponding
to Amino-Ester B.
Replacement of the amino group, by a hydroxyl group, 
in the amino-esters A and B, would be expected to give compounds 
isomeric with methyl 3-hvdroxv-5-methylcyclopentadiene
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ls2:4-tri carboxyl ate, CjOgMe
COgMe
OH
and a. direct comparison of the properties of the isomers would 
have afforded a method of determining their structures. 
However, treatment of. the amino-ester B with nitrous acid gave 
only a poor yield of material which did not release carbon 
dioxide from aqueous sodium bicarbonate, nor did it give a 
colour with ferric chloride, solution: it was considered 
therefore, that no hydroxy compound had been formed*
In view of the impossibility of obtaining a solid 
derivative of methyl 3-hydroxy-5-methylcyclqpentadiene 
1:2:4-tricarboxylate the preparation of the hydroxy compound 
from the amino-esters A and B was not persevered with.
Hydrolysis of the Amino-Ester B.
Vigorous hydrolysis of this amino-ester gave the 
mono - c arb oxy lie acid monohydrate (C) which was shov/n by a 
mixed m.p. and by its infra-red absorption spectrum to be 
identical with the acid prepared from the sodio derivative (Mil) 
under the above conditions.
This identity is in agreement with Goss and Ingold 
(loc.cit.) and was used by them as evidence of nuclear prototropy 
in the series of reactions they examined.
These workers were able to use only rhe method of
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mixed melting points of the acids, and their derivatives,
to arrive at their conclusions and they did not put forward a
definite structure for the keto-acid (C). They, in fact, did
not take the structures of the keto-acid end products further
than considering them as hicyclopentane derivatives, vizo (1,11),
although they state that these are identical» However, since
the keto-acids are obtained from their precursors using very
strongly acid conditions it is extremely unlikely that the
bridge-bond would remain unbroken so that nuclear prototropy
should not be unexpected»
Vdiat is unexpected is that, under these vigorous and
strongly acidic conditions, the double bond introduced into the
ring does not.go into conjugation with Hie ring-carbonyl group
and the carbox^^l-carbonyl group to give,
COpH
That this does not occur is shown by ultra-violet spectrographic 
exgmiination. ( see page 69).
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Reaction Between Diethyl 3~Metbylcyclop.rop~2~ene 1:2- 
-Dicarboxylate and Ethyl Cyanoacetate»
The reaction would be expected to follow the same 
route as that described for the methyl esters on page 43. 
However, on pouring the reaction mixture of the ethyl esters 
into water, a solid yellow sodio derivative separated, Goss 
and Ingold (loc,cit>) allowed the possibility of the product 
having either-of the two following structures:-
Me
, qcbEt
IJHNa
yCOgEt
CTOgEt
vii vin
The bicyclopente ne structure (VII) is arrived at
as a result of its synthesis and might be expected to be easily 
converted into the cyclopentadiene (Vlll),
Ethylation of the Sodio Derivative of Ethyl 3-Amino-5- 
-methylcyclppentadiene 1:2:4-Tric arboxylate.
Treatment, with ethyl iodide, of the structures 
(VII,¥111) assigned to the sodio derivative by Goss and Ingold 
(loc.cit.) might be expected to follow the courses:-
MOv .COgEt Me.
OgEt
Et-I.
yyy'NH-Na Et
V U
COgEt
LXXIV
OgEt
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(JOgEt
COoEt 
"S f i
_ « a ,
COJJt
Vlll LXXV
Hydrolysis of the bridge-bond structure (LXXIV),
might be expected to give any of the four following compounds 
or the ketones which would be obtained from these keto-acids 
on their complete decarboxylation»
ÇOgH
Me Me-
QOgH
Ht •0 Et
OgH pOoH
0 lit ' 0 Et 0da b c
Under the conditions of the experiment one would
expect the keto-acid (a), wherein triple conjugation occurs, 
to be obtained, Hov/ever, hydrolysis of amino-ester B (XXXIV), 
and the sodio derivative (IfOLl), using similar conditions has 
been, shown to give 2-methylcyclopent-2-ene-4-one 1-carboxylic 
acid.
HgO
0
in which double but not triple conjugation occurs.
Hydrolysis of the cyclopentene structure (LXXV), 
would be expected to give either the keto-acid (XVI) or the 
ketone (XI) obtained therefrom on loss of a carboxyl group.
Me vdXjIt
^ 0
XI
Me
XVI
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In fact an ethyl ate d keto-acid was obtained as the 
product of hydrolysis of the ethylated ester (IfCKlV,LXXV)»
From an examination of the infra-red absorption spectrum of 
this ethylated keto-acid and that of the keto-acid- (G) a 
striking similarity may be noted, (see fig 7)#
Thus, selective absorption in the infra-red region, 
by keto-acid (C), at 5,75^, 6,0CW and 6,1^ shows good 
agreement with the absorption of the ethylated keto-acid (XVI) 
which absorbs selectively at 5.7^, 5,9^ and 6,1^4» Since 
it has been shown, by Ache son and Robinson (loc.cit. ), that, 
under the conditions of their experiment, the keto-acid (C) 
has a cyclo-2-enone structure,it is considered probable that, 
after vigorous hydrolysis of the. imino-ester (LXXIV,LXXV), 
triple conjugation does not occur in the product but the 
double bond goes into conjugation with the carbonyl group only, 
to give an ethylated.keto-acid containing a cyclo-2-enone 
fragment,
This observation is supported by the evidence of 
an ultra-violet spectrographic examination of the ethylated 
keto-acid. (see page 66), It is also- shown later that the 
ketone obtained after decarboxylation of the keto-acid is, in 
fact, \
Me,,yX/Et
" 0
XI
It is therefore highly probable that this ketone
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was obtained by the decarboxylation of the keto-acid to which
the structure.
J COgH
0
XVI
must be assigned.
The conclusion is therefore arrived at, that 
éthylation does not take place in the sodio derivative of the 
bridge^bond structure (Vll) but that the following scheme 
represents the true course of the reactions:- 
^OgEt
Mev^ \/COoEt Me
EtI
GOgEt 
Vlll
NH-Na
OcEt
OoEt
GOgH
GOgEt
IXXV
0 '0
XVI XI
Conditions of Hydrolysis,
After heating the ethylated ester (LXXV) under reflux,
with concentrated hydrochloric acid for one hour, lio trace of
 ^.
fully decarboxylated ketone was found. This was in sharp 
contrast to the hydrolysis of the ethylated ester (LXX) where 
under identical conditions of hydrolysis it was possible to 
isolate only a little keto-acid, the larger part of the product 
being a neutral ketone.
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The Relation of Conjugation to the Ease of Decarboxylation,
Hal8all ; Hodges and Jones (ibid,, 1953, 3019), in 
an investigation of natural products, report that one of the / 
acids that they were investigating "readily decarboxylated 
on melting in a manner typical of c( ~^unsaturated acids".
In support of the statement that "a carboxyl group 
located on an unsaturated carbon atom is subject to ready 
elimination" (Fieser and Fieser, Organic Chemistry, Edition,
Reinhold Publishing Corporation, page 549) the conversion 
of cinnamic acid into styrene, without the use of a basic 
catalyst, is given,
■ C,H,-CH=CH.COoH .m h i h  C.ItCH=CH„
14:6 O O' O o
This shows sharp contrast to hydro cinnamic acid 
which distils unchanged at 280°/754m.m.
The Position of the Double Bonds in the Ethylmethylcyclopentenone 
Carboxylic Acid Precursors,
The suggestion is therefore, put forward, that "the 
1-carbmet.hoxy group of ester (DQO is in a more conjugated 
state than the 1-carbethoxy group of ester (LXXV), Thus the 
choice of structure for the more easily decarboxylated ester 
is restricted to either,
'OoMg
Me
Et.
OH
pO ^'ie 
Me ^
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or Et
COÿÆe LXX
from the alternatives daXVllljlLXlX,LXX) given on page 39» 
Hydrolysis and complété decarboxylation of these 
two structures would be expected to give,
from structure LXIX, or
Et 0 
IXXll
Me y from structure LXX*
K
'0
LXXVlll
However, it would-appear to be improbable, under 
the conditions of the hydrolysis, that the double bond would 
not go into conjugation with the carbonyl group* In fact 
ultra-violet and infra-red spectrographic investigations 
confirm that conjugation does occur* (see later)*
One would, therefore, expect the ketone (LXXll) to 
be obtained from the reaction mixture as ;
Me.
or
Et 0 
LXXVl LXXVll
Similarly the structure (LXX'Ull) might be expected to give either
-EtMe. Et
or
X I
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Wliilst it is not possible- to differentiate between 
these ketones on the grounds of either ultra-violet or 
infra-red spectrographic examination* it was possible to learn 
which structure had in fact been obtained, after vigorous 
hydrolysis of the hydroxy-ester (LXIX,LXX), by treatment of 
the ketone-product with ozonised oxygen»
Thus ring-opening of the ketone gave a keto-acid, 
which, after characterisation as its semicarbazone, was shown 
to be a-ethyl-laevulic acid.
It is therefore suggested,that the sequence of 
reactions outlined on the preceding page follows the course,
Mexy/\.,;Et Me. CHg
 ) "^CH.Et
0 CO„H
; dOgMe "0 " ""S'
LXX - XI Xlll
Treatment of the hydroxy-ester (LXX) with concentrated
hydrochloric acid, under reflux, for a length of time sufficient 
to hydrolyse all three ester groups and to decarboxylate the 
two ^-keto-acid groups, yet not long enough to cause the 
removal of the remaining carboxylic acid group is considered 
to give the keto-acid,
Me
XV
This structure (XV) differs from the keto-acid (XVI),
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which is obtained by the hydrolysis of the ester (IxXXV), only
in the position of a double bond.
OOgEt
XVI
COgEt ^  ^ 0
LXXV XI
The similarity between the two keto-acids (XV,XVI) 
is accentuated by the knowledge that their decarbosylation 
yields one ketone (XI). This is shown by
(i) the identity of the infra-red absorption spectrum, 
of the products of the decarboxylation of the two keto-acids.
(ii) the identity of the 2:4-dinitrophenylhydrasones, 
of the products of decarboxylation of the two keto-acids.
That the isomeric keto-acids (XV,XVI) are not
identical is shown by
(1) their dissimilar infra-red absorption spectra, .
( see page 79),
(ii) the dissimilarity of their 2:4-dinitrophenyl- 
-hydraaones,
(iii) the dissimilarity of the 2:4-dinitrophenyl- 
-hydrazones and the semicarbazones of the methyl esters of the 
keto-acids.
It was not possible to carry out the decarboxylation 
of the keto-acid (XVI) to the ketone (XI) in the same manner 
as the ketone (XI) was obtained from methyl 2-ethyl-8-hydroxy- 
-5-methylcy clopent adi one 1:2:4-tri carboxyl ate (LXX) i.e. by
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heating it under reflux with concentrated hydrochloric acid. 
The ketone (XI) was obtained from the keto-acid (XVI) by the 
action of ethanolic potassium hydroxide under reflux (Stork 
and Burgstahler, J. Amer. Chem. Soc., 1951, 73, 3544),
In view of the fact that the ketone (XI) was 
obtained from a sequence of reactions which commenced with the 
sodio derivative of ethyl 2.-ethvl-3-imino-5-methylc.Yclopent- 
-4-ene l:2:4-tricarboxylate the course of reactions commencing 
with the bridge—bond structure (VTl) must be abandoned.
EtI
CO^Et
Vll
POgEt
vie gEt
Et_
COgEt
LXXIV
Mex
Et 0
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Structures of the Sodio Derivatives (LKll,Vlll)o
Me
pOgMe 
lOgMe
ONa
OgEt
OoEt
COg^t NHNaCOgMe
LXll ¥111
Treatment of the sodio derivatives (IXLl,Vlll) with
concentrated hydrochloric acid, under reflux, for 1 hour gave 
in both instances only, ^
COgH
Me..X\
'0
No fully decarboxylated ketone was obtained from the reaction 
mixtureo
It is suggested therefore, that the 1-position 
ester groups in the sodio derivatives (LXll,Vlll) and in the 
imino compound,
lOgEt 
Me \ \ E O ^ t
'Et
COgSt 
IXXV
are isolated from the effect of conjugation since these groups 
are not eliminated even after the compounds containing them 
have been subjected to conditions identical with those which 
cause complete decarboxylation of the hydroxy-ester,
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COgMe
Et
COgM©
EXX
It is in view of this fact and of the evidence 
obtained from the products of hydrolysis of the alkylated 
esters (LXX,LXXV) that the structures (LXll,Vlll) are 
proposed for the sodio derivatives.
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Bridge-Bond. Structures^
It is not passible to explain the fact that the 
ethylmethylcyclopentenones, obtained as an end-product of both 
series of reactions, are identical on the basis of the 
ethyl group entering the bridge-bond structures (111,711).
The possibility that the ethyl group enters the 
bridge-bond structure in one case and enters the cyclopenta- 
-diene structure in the other cannot be ruled,out, although it 
does seem unlikely that this should happen.
pgMe 
Me. VcOrlSe
EtI
COgMe
LkVlll XI
Me /COgEt
Vll
lOgEt 
Me\xf_\^02Et
Et-.
ÙOgEt^
LXXiV
Me
Et/
59
Ring-CIosupes of Ethylated Reagents.
In an attempt to pre-determiiie the position of an 
ethyl groiip relative to that of a methyl group in an 
ethylmethylcyclopentenone» ring—closures were carried out 
with reagents which were expected to give the two substituents 
in known positions about the ring.
It was also hoped that since fewer stages were 
involved in the reactions a new source of substituted 
cyclopentenones, giving a higher yield of product, would be 
evolved. However, contrary to expectations, yields were found 
to be lower and at times the presence of the expected product 
could not be detected. Unfortunately, in some cases where 
the presence of the product was suspected, its purification 
could not be carried out in view of the presence of a very 
great excess of impurities having similar chemical natures.
Nevertheless, from a large number of relatively 
unsuccessful experiments, enough information has been gleaned 
to substantiate the claims made regarding the structures of 
the ethylme thylcy c 1 opent enones previously discussed.
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Reaction of Ethyl Cyanobutyrate and Diethyl 3~Methylcyclo~ 
-oroo-2-ene 1;2~Dic anboxylate »
These reagents were caused to react under the 
conditions required for them to undergo a Micheal Reaction 
in the following manner : -
H
© 0
' Na + GEt
OOgBt
POgEt
COgEt + EtOH
Me.
( + 
CmHr-C— C%N
^COgEt
COgEt
© ©
H + OEt
COgEt
—^ Me
C 2 % — C— C5N 
cOaEt
COgEt
Under conditions, identical to those obtaining in 
the above reaction, the product of the Micheal Addition of 
ethyl cyanoacetate to diethyl 8-methylcycloprop-2-ene 
1I2-dicarboxylate cyclised to give a five-membered ring (Goss 
and Ingold, J. Chem^ r Soc., 1928, 12:68) • The following 
cyclisation would, therefore, be expected to occur in the 
reaction now described:- 
COgEt
Me_,!:df^C02Et
I
COgEt
Me
IiXZLV
COgEt
It was found to be impossible to characterise a
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product of this reaction.
In an attempt to do so, small quantities of the brown
gummy product were shaken and scratched in a number of solvents
without changing the appearance of the material. Chromâtograpliic
separation was carried out by adsorbing a diethyl ether/60-80 °
petroleum solution of the gum on an alumina-filled column.
Elution with solutions of increasing strength of diethyl ether
in petroleum gave only solutions from which small amounts of 
■
starting materials were recovered. Much darkly coloured 
material remained on the column after elution with 100% diethyl 
ether had given only solvent as eluate. The dark material was 
extracted from the alumina with ethanol but on removal of this 
solvent only a black gummy mass was obtained. This could not 
be purified by the action of activated charcoal in heated 
ethanol.
Experiments in which methyl cyanobutyrate and 
dimethyl 3-methyIçyçlpprop-2-ene l:2-dicarboxylate were used 
in an endeavour to isolate methyl 4-etliyl-3-imino-5-methyl- 
bieyclopentane 1:2:4-triearboxylate,
OoMe
COgMe
were also unsuccessful,
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Hydrolysis of the Product of the Reaction Between the 
Preceding Ethyl Esters,
The crude reaction product was hydrolysed under the 
same conditions as had been previously applied, and'from the 
hydrolysed material it was possible to obtain only a very small 
quantity of an ethylme thy Icy clop ent enone,
This ketone was found by infra-red spectrographic 
investigation to be different from the ketone (XI) previously 
prepared by the two distinct routes. By its mode of production 
one must consider the structure of this new ketone to be either
Me
or
Et 0
hXXVl hXXVll
Too little of the material was obtained to allow
investigation of the position of the double bond by ring-
-opening but the cy do-2-enone structure was confirmed from 
the infra-red absorption spectrum of the compound which showed 
selective absorption at 5.9(^ and at 6,1^» (see fig, 6),
reason of the fact that the isomeric ketone (XI),
XI
which was obtained from a route similar to that by which the 
ketone (IiXXVl,LXXVll) was isolated, contains a double bond in
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the position shown, It is considered that the structure of 
the ketone now under investigation should be represented 
as.
Ma
Et 0
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Ultra-Violet Spectrographic Examination».
Laws of Absorptiono
(l) Lambert * s Law states that the proportion of 
radiation absorbed by a substance is independent of the intensity 
of the incident radiation. It may be expressed as
I =
where and I are the intensities of the light entering and 
transmitted respectively, by" a thickness •£ of the substance and
f -
^  is a constant, known as the absorption coefficient.
The constant generally employed, however, is the 
extinction coefficient which is defined as follows Let I.
O
be the intensity of the incident light which enters the medium,
I the intensity remaining after its subsequent passage through
a path length^, and & be the path length, passage tlirough whi
1reduces the light intensity to th., then,
I = T .10 .o
K is a constant which depends on the medium and is 
called the extinction coefficient, whilst ^  is taken in cms.
(2) Beer's Law states that the absorption depends 
only on the number of absorbing molecules through which the 
radiation passes. Thus, if the absorbing medium is dissolved 
in a non-absorbing substance, the extinction coefficient will 
be proportional to the concentration of the solution.
If 3^  is the intensity of the light entering the 
solution, I that after passing through a thickness cms. and
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c is the concentration, Beer's Law can be expressed as,
I = ].o
Here, & is a constant for the absorbing solute and 
is the ratio of the transmitted, to the incident intensity for 
linit thickness and unit concentration.
If E, the term for the Specific Extinction Coefficient
for unit concentration, is now written for then Lambert's
and Beer's Laws' can be combined in the form
The numerical vaiue of E depends on the unit of 
concentration and length used. VJhen the concentration is 
expressed in gram molecules per litre and the length in cms.
then the Specific Extinction Coefficient is known as the 
Molecular Extinction Coefficient and the symbol ^  is used for 
it. This quantity is a measure of the absorption due to a single 
molecule.
Another term used in absorption spectrophotometry
is the density, d, of a medium. If I and I have the same 
significance as in the previous paragraphs, then d, is defined 
by the equation,
I = 10“*^ .
Therefore^, d is related to the Molecular Extinction Coefficient
since,.
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The instrument used for the ultra-violet 
measurements which follow was à Cambridge, "Unicam" 8.P. 500 
Spectrophotometer, #iich was calibrated in terms of d* From 
this quantity the Molecular Extinction Coefficient was calculated 
In order to make the scale more manageable the 
common practice of plotting the logarithm of the Molecular 
B3£tinction Coefficient against the wavelength, in "angstroms" 
was followed.
From the ultra-violet absorption curves (fig» 5) 
it may be seen that tiie three compounds have maximum absorption 
at the wavelength 235pA°. In each case the Molecular Extinction 
Coefficient is in the region of 12,000 thus confirming the 
cvclQ.-2-enon.e structure * (Analytical Chemistry, The Working 
Tools, Oxford University Press, p,706).
,Thus the structures proposed for tho keto-acids.
C
HgO and
E tMe
are substantiated by these results at least insofar as the 
eyclQ-2-enone fragments,of the.molecules are concerned. The
saturated carbonyl group has a molecular Extinction Coefficient
of about 20 only..;
The structure proposed for the keto-acid,
36
3 4
ET
ETME28
2350A((l2j60C)
26
24
2 2
2 d
w a v e l e n g t h  :N a n g s t r o m s
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COgü
Me Et
cannot be confirmed in the same manner since the cyclo-2-enone 
structure should not be present.
However, since the saturated carboxylic acid group 
is a weak chromophore ^ 50-100. A <2100A° and absorption 
approaching ^9,000 is noted in the region 2,000-2,100A°, 
presumably due to the supposed saturated carboxylic acid group 
present in the keto-acids (C,XVl), then it is probably correct 
to assume that the carboxyl group of these keto-acids do show 
some degree of unsaturation.
Acheson and Robinson (loccLto) report selective 
absorption in the infra-red region at 5.85w by the keto-acid (G) 
which,, they suggest, is due to a conjugated carboxylic acid 
group. This chromophore should, however, be absent were the 
molecule to be entirely as they formulate it, viz,
GOgH
L
In the same manner, to account for the high Molecular
Extinction Coefficient of the keto-acid (XV) at 2850A° it
must presumably be supposed that the molecule does not exist :
GOnH
entirely as mu ^ ^ b
XV
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but shows some tendency for the carbon-carbon double bond to 
go into conjugation with the carbonyl group.
Evidence against the structure of the acid being
COgH
is afforded by the fact that the absorbing moiety,
0. <3H
(
C
which shows triple conjugation, would be expected to displace 
the absorption peak, in the ultra-violet region, to a higher 
wavelength.' In fact selective absorption is shown at 2350A° 
by all three cyclopentenone carboxylic acids.
70
rnfra-Red Spectro^raphic Examination^
Infra-red spectrographic examination was carried out 
on the following compounds by use of a double-beam instrument. 
Solid materials were investigated in a lm,m* potassium chloride 
disc, (Ford and Wilkinson, J. Scientific Instruments, 1954, 338, 
Hales and Kynaston, The Analyst, 1.954, 702). Liquids were 
examined in micro-cells.
Figure 6 shows the infra-red absorption spectra of
(i)
(ii)
(iii)
Me
Et 0
Figure 7 shows the infra-red absorption spectra of
QgH
(i)
(ii)
(iii)
.HgO
COgH
%
f  a
00
A
* P  V
L,
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3~Me t hy ley c lop ent-2-ene -l-one (LXXXl) v/as prepared 
as a reference compound following Acheson and Robinson (loc.cit.)< 
Its infra-red absorption spectrum was obtained since the compound 
contains a carbonyl and a methyl group in positions analogous 
to the known positions of these groups in the methylcyclopent- 
enones under inve stigat i on «
In these compounds the positions of the methyl and 
carbonyl groups are determined by synthesis. It was also 
thought that the most favourable position for the double bonds, 
in the compounds of unknown structure, would be in the 2-position, 
that is, in conjugation with the carbonyl group. Evidence 
showing the correctness of this assumption will be given later.
The reference compound (LXXXl) has been ring-opened, 
(idem,loc.cit.)» with aqueous potassium permanganate, and 
laeyulic acid was obtained as the product. Thus the correctness 
of its structure appears to be in no doubt.
A sample of the ketone (LXXXl) was found to selectively 
absorb at 5.8^ (d^-unsaturated 5-carbon ring carbonyl), 6.18M 
(conjugated C=C), 6.8CW and 7.27^ (methyl group), (see fig. 6)
The infra-red absorption spectrum of this compound 
and of the ketone obtained by the decarboxylation of the acid 
(C) were identical over 2-1^4*
Me..
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Me
p HgO ^
2-Etliyl"4--methylc.vcloDent~4~ene~I~one (XI) was prepared 
by the decarboxylation of 2-ethyl-5~methylcyc]^pent~4~ene~3~one
1-carboxylic acid (XVI)»
.EtMe
XI
The infra-red absorption spectrum of the ketone (XI) 
was identical with that of the ketone prepared by the hydrolysis 
and decarboxylation of methyl 2:-ethyl-3-‘hydroxy*~5-.metlx>^ l- 
cyclopentadiene l:2:4-tricarboxylate, (LXX).
OgMe 
COgMe
t
X)H
IXX
Me.
— ^
XI
The ketone (XI) showed selective absorption in the 
infra-red region at (a^-unsaturated 5-carbon ring carbonyl),
6.1^ (conjugated C=C), 6^8(^ and 7.2%^ (methyl group), (see fig g 
6). From this evidence alone the structure of the ketone 
would appear to be limited, by the presence of an ap-unsaturated 
carbonyl group, to either
or
XI
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Degradation of the ketone with ozonised oxygen 
followed by oxidative hydrolysis gave d-ethyl-laevulic acid 
(see page 80) showing, therefore, that the ketone is in fact 
2-ethyl-4-methylcvclopent-4-ene-l-one (XI).
2-Ethyl-3-methvlcvcloDent-?-ene-l-one, in which the 
relative positions of the ethyl and methyl group are deemed to 
be determined by the mode of synthesis, (see page .62), was 
found to selectively absorb, in the infra-red, at 5.90^(ap- 
unsaturated 5-carbon ring carbonyl), 6.16w (conjugated C=C),
6.80# and 7.2^ (methyl group). (see fig. 6).
However, insufficient of the ketone was obtained to 
permit ring-opening experiments to be carried out on it. It 
is, therefore, not possible to limit the structure further 
than (LXXVljLXXYll) which takes into account the information 
given by the infra-red absorption spectrum only.
Me Me
Et 
UüCYl
% Et %
IXXVll
The keto-acid (C), 2-methylcyclopent-2-ene-4-one
1-carboxyllc acid, may exist in any of the following forms:
oO
. 1
Me,
ii
C
\
0
OH
iir
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The possibility that the compound is a mixture of 
any two or all three forms cannot be ruled out since all are 
stereochemically permissable. Acheson and Robinson (J. Chem, 
Soc.; 1952, 1127) quote the following absorption peaks for the 
compound, 2 . 8 ^  (OH), 2.94^ (OH), 8.88Ü (bonded OH), 5.85U 
(conjugated COgH), 5.95^ (cp-unsaturated 5-carbon ring carbonyl) 
and 6.19^ (conjugated 0=0).
However, they do not state the conditions under 
which the compound was:,8tudied and marked variations from the 
absorption peaks they give are noted in the present work. The 
differences have been attributed to the difference in state of 
the compound under consideration.
Absorption peaks in the carbonyl absorption region 
of the infra-red; were found to occur at 5,76^, 6,OOjü. and 6.19A( 
(see fig, 7), With regard to structure (i), it may be seen 
that the characteristic carbonyl absorption of saturated 
mono-basic aliphatic carboxylic acids between 5.8C^ and 5,88u 
does not ^pear. Specific absorption at 5,88u, due to an 
c^-unsaturated 5-carbon ring carbonyl group, which is strong 
in 3-methylcyclopent-2-ene-l-one (see fig,6) is also not present, 
However, selective absorption, corresponding to the 
double bond conjugated with a carbonyl group, present in
3-methylcyclQpent-2-ene-l-one (LXXXl) at 6,18^, appears at 
6,1^, From this it appears likely that this chromophore is 
still present in the keto-acid.
Consideration of structure (iii) gives no explanation
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for the absorption at 6,1^, since lac toi formation would have 
removed the chromophore to which this absorption may most 
satisfactorily be attributed. Absorption at 6,0Cy^may be 
interpreted as being due to,
Me
O '
which is considered by Shepherd and Simpson (Quarterly Reviews, 
1952, 6, 1) to absorb at G.OOjU.
Absorption at 5.76^, in the keto-acid, may be compared 
with absorption at 5,75^ and 5.73# in ortho-formylbenzoic acid 
(Grove and Willis, J. Chem. Soc., 1951, 877) and benzil ortho- 
carboxylic acid (The Infra-Red Spectra of Complex Molecules, 
Bellamy, Published by Methuen, p. 145) respectively. The 
selective, absorption at 5.75# and 5.7^q in the last two cases 
has been attributed to the lactol carbonyl group.
Structure (ii) contains an internal hydrogen bond 
and would therefore be expected to absorb between 5.99 and 
6.0% (Flett, J. Chem. Soc., 1951, 962) which would account 
for the noted selective absorption at 6.0%. Retention of the 
conjugated double bond should give rise to the observed
selective absorption at 6.19^ <
An absorption peak at 5.8%, present in 3-methylcyclo- 
-pent-2-ene-l-one (see fig. 6), and attributed to the 
-unsaturated 5-carbon ring carbonyl chromophore is, however,
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not observed in the case of this keto-acid.. It seems not 
unlikely, however, that hydrogen bonding of the acidic hydrogen 
to the carbonyl group could so modify this latter groups’ 
vibrations as to raise its absorption frequency, by 26cm. 
from 1716cm.  ^(5.88^ ) to 1742cm. ^ (5,76p) where a peak is 
observed. Fully saturated cyclopentanones selectively absorb 
in the infra-red at between 5.72^ and 5.73^ (Jones et al., J. 
Amer. Chem. Soc., 1950,72, 956).
The evidence of an ultra-violet spectrographic 
investigation of the keto-acid (G), lends support to the 
correctness of assigning the cyclo-2-enone fragment to the 
structure and it therefore seems probable that the keto-acid 
is most accurately represented as the structure (ii).
2-Ethyl-5-methylcyclopent-4-ene-8-one 1-carboxylic 
acid (XVI) shows selective absorption in the infra-red at 
wavelengths similar to those at which the keto-acid (G) absorbed, 
Thus the same line of argument can be applied in attempting to 
determine the-structure of the keto-acid (XVI) as was used with 
keto-acid (C). Hence, the selective absorption at 5.76^, 5.9^, 
6.18U, (see fig. 7) is ascribed to the same factors as are 
considered to be present in the keto-acid (G) and the structure 
of the compound (XVI) under the conditions of the experiment 
is thought to be
Me
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The infra-red absorption spectrum of 2-ethyl-5- 
-mGtliylcyclopent-5-ene-3-one 1-carboxylic acid (X7) shows a 
marked difference, in one respect, from the spectrum of the 
compound to which structure (XVI) has been given* Selective 
absorption occurs in the infra-red spectra of both compounds 
at 5*76^ and at 6*1^. ' ,
, However, the single absorption peak, noted at 5*98yt{ 
in 2-ethy1-5-methylcyclopont-4-ene-3-one 1-carboxylic acid 
(XVI), and at 6*00^ in 2-methylcyclopent-2-ene-4-one 1-carboxylic 
acid (G) is split, in the compound (XV% into two absorption
peaks at 5*92^ and 6*0(jW, 
Me 0 0 
I
XVI C XV
Rasmussen and Brattain (J* Chemical Physics, 1947,
15 *.120) observed that the occurrence of aliphatic conjugation 
of double bonds usually resulted in the splitting of the 
double bond absorption bands* In an investigation of a series 
of long chain, conjugated materials it was noted by Blout, Fields 
and Karp lus (J* Amer* Chem* Soc*, 1948, 70, 194) that dienes 
have two, trienes three and tetraenes four double absorption 
bands in ,the 6*06-6*25u region* It seems not unreasonable to 
suggest therefore that the splitting of the absorption peak, 
in the keto-acid (XV), into two bands, is due to a conjugative
80
Ring-Openin^ Evi deneo.
The relative position of the methyl to the etiiyl 
group in the ketone (XL),
Me. v ^ h S t
can obviously be confirmed if the 5-membered ring is opened 
and the product characterised, provided that the product contains 
both the methyl and ethyl groups* Ozonolysis of the ketone 
and subsequent oxidative hydrolysis of the ozonide, gave a 
product, which liberated carbon dioxide from sodium bicarbonate 
solution and gave a coloured precipitate with an acidic solution 
of 2:4-dinitrophenylhydrazine * The product was converted into 
the semicarbazone which analysed correctly for that derivative 
of cL-ethyl-laevulic acid and melted at the reported temperature *
Treatment of the keto-acid (XV), in an identical 
fashion, gave a product which liberated carbon dioxide from 
sodium bicarbonate solution and gave a precipitate with an acidic 
solution of 2 Î 4-dinitrophenylhydr azine* However, its semicarb- 
-azone could not be purified to constant melting point witli the 
quantity of material available* The keto-acid (XV) was 
treated with a cold solution of potassium permanganate in a 
second endeavour to satisfactorily obtain a product of 
ring-opening*
The final product was treated with an acidic solution 
of 2:4-dinitrophenylhydrazine and it was hoped that a pyrazole
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would result from this,
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The crude product could however not be crystallised 
since, from solvents of low boiling point, it was recovered as 
a viscous oil and from solvents of higher boiling point 
decomposition appeared to take place.
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Comparison With Known Compounds.
The sodio derivatives, (LXll,VllI), were treated with 
ethyl iodide in order to introduce into the ring an ethyl group 
as opposed to the methyl group already present. In this way it 
was thought that most information would be obtained regarding 
the position of the entering alkyl group. However, ethylmethyl- 
-cyclopentenones have not been widely investigated and the 
evidence of the orientation of the methyl and ethyl groups 
in the compounds now prepared cannot be substantiated by 
reference to the properties of like compounds already reported 
in chemical literature.
it was for this reason that the methyl group was also 
introduced into the sodio derivative (LXll) since, in recent 
years, much work has been carried out with regard to dimethyl- 
■cyclopentenones. Hence, since the position of the methyl group, 
relative to the hydroxyl group is fixed by synthesis in the 
sodio derivative,
OgMe
COgMe
the position of the entering methyl group should be establishable
by reference to known compounds.
After the cyclisation of CHg=CH.CHgCO.CH(Me)CH^ ,
Nazarov and Elizarova (Chemical Abstracts, 1952, 914)
obtained 2:4-dimethylcyclopent-2-ene-l-one,
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This compound (LXXIX) was found to differ from that
obtained after hydrolysis of the product of méthylation of the
sodio derivative (LXll)* By treatment of 2 :4-dimethylcyclo-
-pent-2-ene-l-one with chloroprene and pyrogallol for 15 hours
at 115-120 ° 5 2:4-dimethylcyclopent-4-ene-l-one (XIV) was
obtained (idem, loc.cit.)*
The sc.micarbaaone of this keton^ melts at virtually
the same temperature as that derivative of the ketone (XIV)
obtained from the hydrolysis product of the methylated sodio
derivative, so that the following route seems to be the correct
one:- _
COgH'Ie (jlOgllïe
1
CJOgMe
Mel -^
ONa
OgMe
Me
Me
— J.
LXll LXXX
It is reported however, (idem, loc.cit.), that the
ketone (LXXIX) isomerises, in the main, to the ketone (XIV)
on treatment, at 75-80*, with concentrated hydrochloric acid.
Hydrolysis of the compound (LXXX) was carried out under these
conditions so that the possibility that the ketone (LXXIX) was
obtained at first cannot be ruled out.
.However, evidence brought forward so far makes it
appear probable that the keto-acid (XV) has a double bond in
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the position illustrated
.and it seems likely that on decarboxylation the double bond 
would go into conjugation with the carbonyl group to give
2-ethyl-4'^methylcycl6pent-4-ene-l-one, One would therefore 
expect the dime thylcy clop ent en one to behave accordingly*.
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Experimental ,
Preparation of Ethyl isoBebydracetateo ,
Method of Goss^ Ingold and Thorpe (JoChem* Soc*j 1928, 123, 327)
Ethyl acetoacetate (commercial, b.p. 178-181°, 1500g.) 
was cooled in an ice/salt freezing mixture whilst dry hydrogen 
chloride was passed in, with stirring, for eight hours.
The reaction mixture was kept in the dark, protected 
from moisture for a week and then again cooled and saturated 
with dry hydrogen chloride as before. At the end of a further 
week of being kept in the dark and protected from moisture the 
mixture was washed with water (31.) and subsequently with 
N-sodium carbonate solution (750ml.).
The aqueous washings were evaporated to dryness and 
the residue dried in an evacuated desiccator over potassium 
hydroxide. It was then added to an ethereal solution of the 
main bulk of oil and the solution was dried (MgSO^). After 
removal of the ether, the resultant oil was distilled to give 
ethyl ieodehy dr acetate (750g., 68%) b.p. 140-160°/10-ll m.m. 
(Goss, Ingold and Thorpe report that the fraction, 
b.p. 160-190°/20 m.m. was retained for bromination).
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Brpnoiination of Ethyl xsolDehydraco'fcate»
Method of Goss, Ingold and Thorpe (loc.cit.)
Bromine (dried over concentrated sulphuric acid,
75ml. \ was slowly added, with shaking, to a solution of
ethyl.isodehvdracetate (25Qg.) in chloroform (commercial, 500ml.)
which was cooled in ice water.
After 24 hours hydrogen bromide was removed by 
gently heating the solution, which was cooled and diluted 
with ether (500ml).
This solution was washed with water (200ml.) and 
sodium carbonate solution (N,200ml. ), dried with CaCl^ and 
the solvents evaporated. The hard residue, crystallised 
from a small proportion of ethanol (96%), gave ethyl bromoiso- 
-dehy dr acetate as large pale yellow crystals (300g., 83%), 
m.p. 86-87?
(Goss, Ingold and Thorpe report 87°)
Preparation of 3-Methylcycloprop-2-ene 1:2-I)icarboxylic Acid. 
Modified Method of Goss, Ingold and Thorpe (loc.cit.)
Fused ethyl bromoisodehydracetate (300g. ) was rapidly 
added to boiling aqueous potassium hydroxide (g, 1650ml.) 
contained in a large flask the neck of which was inclined at 
45° to prevent loss of the solution during the violent 
evolution of ethanol which occurred shortly after the addition.
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After being boiled for a further 30 minutes the 
solution was cooled and treated with hydrochloric acid 
(800ml*). The solution was again allowed to cool whereupon 
a black scum separated which was removed. This obviated the 
necessity for prolonged boiling of the acid with charcoal.
After ether^extraction (5 x 500ml.) of the 
filtrate, the extract was dried, (MgSQ^ )? and evaporated.
The oily residue was freed from acetic acid and ethanol by 
placing it in an evacuated desiccator containing potassium 
hydroxide. The crude acid separated from formic acid (90%) 
as colourless rhombic crystals (96g., 62%), m.p. 200°
(Goss, Ingold and Thorpe report m.p. 200°)
Estérification of 3-Methylcycloprop-2-ene l:2-Dicarboxylic Acid
Method of Jones (ibid., 1905, 87, 1062). '
3-Methylcycloprop-2-ene 1:2-dicarboxylic acid (30g.) 
was heated under reflux for 2 hours with excess of methanol 
(dried with magnesium using iodine as catalyst and redistilled, 
100 ml.) and concentrated sulphuric acid (10 ml,).
The cooled solution was diluted with water, (300 ml.), 
and extracted with other, (2 x 200 ml.). After washing the 
extract with water, (50 ml.), to remove unreacted methanol and 
with sodium carbonate (N,50 ml. ) to remove any remaining acid, 
it was dried (MgSO.) and evaporated.
Distillation of the residue gave two fractions of
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dimethyl 3-methylcycloprop-2-ene l:2-dicarboxylate
(i) b.p. 114°/16m.m. m.p. 84° (21.5g., 60%),
(ii) b.p. 120°/I6m.m. (4g., 11%).
The former fraction, on cooling in an ice/salt 
mixture, rapidly solidified to colourless crystals whilst the 
latter, on cooling in solid carbon dioxide, solidified to 
a glass-like material which re-melted, at room temperature, 
without becoming crystalline.
(Jones reports that the dimethyl ester distils at 
122°/20m.m.; Goss, Ingold and Thorpe, loc.cit. also found a 
second fraction at 185%0m.m.).
Preparation of Methyl 3-Amino-5-mothylcyclopentadiene
1:2:4-T'ric arboxylate. 
Method of Goss and Ingold (ibid., 1928, 1268).
• Dimethyl 3-methylcycloprop-2-ene 1:2-diearboxylate 
<25go) was added to a solution of methyl cyanoacetate 
(redistilled, b.p. 198-200°, 15g,) in methanolic sodium 
methoxide prepared from sodium. (7.5g. ) dissolved in methanol 
(dried and redistilled, 87g.).
After being kept overnight at room temperature the 
solution was heated under reflux for 8-hours. After cooling, 
it was poured into water (100 ml.) and extracted with ether,
(10 X  100 ml.). The extract was dried, (NogSO^) and the ether 
evaporated to give the amino-ester B (2.1g., 6%) m.p. 183-185°.
(Goss and Ingold report m.p. 186°).
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The aqueous layer from the preceding ether-extraction 
was saturated with carbon dioxide and re-extracted with 
ether (10 x 100 ml.). After drying (NagSO^) and evaporating, 
this extract gave the amino-ester A (0.5g., 1.5%) m.p.121-125°.
(Goss and Ingold report m.p.130°)
The Hydrolysis of Methyl 3-Amino- 5 -me thy Icy cl op ent adi ene
1:2:4-Tric arboxy1 at e.
Method of Goss and Ingold (loc.cit.)
The amino-ester B (2.0g.) was heated under reflux for 
one hour in concentrated hydrochloric a&id (25 ml.). After 
cooling; the. solution was extracted with ether (10 x 25 ml.). 
The extract, after washing with saturated aqueous sodium 
chloride solution, was dried (MgSO^) and evaporated: the 
residual pale yellow solid was crystallised from ether-light 
petroleum mixture to yield almost colourless needles of
2-methylcyclopent-2-ene-4-one ' 1-carboxylic acid monohydrate, 
(0c5g., 40%), m.p.54-55° (Found: C,'53.3; H,.6.25. Calculated 
for C, 53.2; H, 6.3%). Vdien this keto-acid was
sublimed iri vacuo (50°/0.1 m.m. )it gave a colourless micro- 
-crystalline solid,.m.p.54-55°, (Found: C, 53.2; îi, 6.3%).
A. mixture of the acid obtained by recrystallisation 
and that obtained by sublimation had m.p. of 54-55°.
(Goss and Ingold and Ache son and Robinson f ibid., 1952, 1127] 
both report m.p.60°.).
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The 2:4-dinitro.phenylhydrazone, was prepared by 
mixing an aqueous solution of the keto-acid with a cold 
saturated solution of 2:4-dinitrophenylhydrazine in 
6N-hydrochloric acid. It separated from dioxan as light-brown 
prisms m.p. 216-218° (Found: N^17.8. Calculated. for 
N, 17.5%).
It is reported (idem, loc.cit.) that the 2:4-dinitro- 
phenylhydrazone has m.p. 227-229° (decomposition, with darkening 
oa.215°). j|[
Decarboxylation of 2-Methylcyclopent-2-ene-4-one 1-Carboxylic Acid
A solution of 2-methylcyclopent-2-ene-4-one 1-carboxylic |
acid (0«6g.) and potassium hydroxide (0.4g.) in ethanol (96%, I
10 ml.) was heated under reflux for 17 hours followed by I
evaporation of the ethanol. |
The residue, after mixture with water, was extracted 
with ether (3 x 50 ml.). After the extract had been washed with 
water (2 x 10 ml.) and dried, (MgSO^ ), the ether was evaporated 
off. *
The residue was distilled when 3-methylcyclopent- 
-2-ene-l-one was obtained as a'colourless liquid, (0.3g., 80%), 
b.p. 84-86°/l8m.m. (Found: C,74.6; H,8.2. Calculated for CaH^O;
C, 75.0; H, 8.3%).
3-Methylcyclopent-2-ene-l-one was also prepared by 
the cyclisation of acetonylacetone following the preparation 
of Acheson and Robinson, (loc.citj. This ketone was shown, by
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infra-red spectrographic investigation, to be identical with 
the ketone prepared by the decarboxylation of the preceding 
keto-acid.
Preparation of 3-Methylcyclopent-2-ene-I-oneo
Method of Acheson and Robinson (J. Chem. Soc., 1952, 1127).
Acetonyl acetone (60g.) was rapidly added to a boiling 
solution of caustic soda (50gj, in water (500 ml. )^ after which 
the solution was heated under reflux for 20 minutes.
The cooled reaction mixture was saturated with sodium 
chloride and extracted with ether (250 ml., 125 ml., 125 ml.,). 
After the extract had been washed with water (3 x 25 ml.) and 
dried (MgSO^ ), the ether was evaporated to give a residue which 
on distillation gave a colourless liquid.
Repeated distillation, discarding the first and final 
fractions each time, gave 3-methylcyclopent-2-ene-1-one as a 
colourless liquid, b.p. 74-76°/16m,m. 1.4891 (Found: C, 74.5;
H, 8.1. Calculated for G^H^O: G, 75.0; H, 8.3%).
The 2:4-dini tr ophenylhy dr az one was prepared by addition 
Of the ketone to 2:4-dinitrophenylhydrazine solution. On orystanr- 
-lisation from n-propanol, red needles, m.p. 180-181° (Found:
N, 20.1. Calculated for G^2H^o^4%' 20.3%) were obtained.
20
(Acheson and Robinson, report b.p. 74°/15m.m. n^ 1.4893 for 
the ketone and m.p. 180-181° for its 2:4-dinitrophenylhydrazone)
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Estérification of 3-Methylcycloprop-2-ene 1:2-Dicarboxylic Acid 
Method of Jones (loc.cit.)
3-Me thylcyclopro p-2-ene 1:2~dicarboxylic acid 
(80g,o ) was heated under reflux for 2 hours with ethanol 
(dried over calcium oxide and redistilled, b.p. 78° 200 ml.) 
and concentrated sulphuric acid (20 ml.).
The cooled solution was diluted with water (500 ml.) 
and extracted with ether (2 x 400 ml.). After the extract had 
been washed, with water (100 ml.), to remove ethanol, and 
with sodium carbonate (N, 100 ml.), to remove any remaining 
acid, it was dried (MgSO^ ) and the ether evaporated.
The residue, after distillation, gave diethyl 3-methyl- 
-cycloprop-2-ene 1:2-diearboxylate as a colourless crystalline 
solid (lOOg., 88%) b.p. 180-182°/14m.m., m.p. 86-87% Some 
resinous material remained.
(Jones reports b.p.-135°/15m.m., m.p. 38°.)
Preparation of the Sodio Derivative of Ethyl 8-Amino-5-methyl- 
-cyclopentadiene 1:2:4-Tricarboxylate 
Method of Goss and Ingold (loc.cit.)
Diethyl 3-methylcycloprop-2-ene 1:2-dicarboxylate (40g.) 
and ethyl cyanoacetate (redistilled, b.p. 104°/16m.m., 26g.) 
were added,with cooling, to ethanolic sodium ethoxide prepared 
by dissolving sodium (12g.) in dry ethanol (144g.).
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Aliter being kept overnight at room temperature, 
the solution was heated just below its boiling point for 6 
hours and then heated under reflux for 2 hours. After 
cooling; the solution was poured into an equal volume of 
water and the yellow solid sodio derivative (4*5g«, 7%), 
which separated; was filtered off and washed with ether»
(Goss and Ingold report that, from the ethereal 
extract of the filtrate, an amine was obtained. However, 
the author obtained, on concentrating the ethereal extract, 
only a, black intractable gum, which could not be induced tO' 
crystallise»)
Ethylation of Ethyl 8-Amino-5-methylcyc 1 opentadiene 1:2:4- 
—Tricarboxylate to give Etliyl 2-Ethyl-3-imino-5-methylCyclopent- 
-4-ene 1:2:4-Tri carboxylate.
Method of Goss and Ingold (loc.cit,)
The sodio derivative of ethyl 3*^amino-5-methylcyelo-
-pentadiene 1:2:4-tricarboxylate (12g») was added to a solution 
of ethyl iodide (redistilled, b.p. 71-72°, 12g») in dry ethanol 
(120g*) and the mixture heated under reflux for 24 hours during 
which it became a violet colour»
After this time, the excess of ethyl iodide and 
ethanol were distilled off, the remainder was poured into 
water (200ml») and extracted with etiier (5 x 100 ml»).
The extract was well washed with water, dried (MgSO^) and 
evaporated to yield ethyl 2-ethyl-3-imino-5-methylcyclopent-4-ene
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1:2; 4-tr i c arb oxylat e as buff-coloured rhombic crystals (7g.,
57%) m,po 116-117° and a gum (3g,, 24%) which, in the main, 
solidified on standing. Crystallisation of this solid 
material from ethanol gave the compound, m.p. 116-117°,
(Goss and Ingold report m.p. 118°),
hydrolysis of Ethyl 2-Ethyl-8-imino-5-methylcyclopent-4-ene 
1:2:4-Triearboxylate to give 2-Ethyl-5-metlaylcyclopent-4-ene-8-cm
I-Carboxylic Acid,
■ r -
Ethyl 2-cthyl-3-imino-5-methylcyclopent-4-ene 
l:2:4-tricarboxylate (6.5g,) was heated under reflux for 1 hour 
with concentrated hydrochloric acid (40 ml,). After cooling, 
the solution was extracted with ether (10 x 50 ml,). The 
extract was washed with brine (3 x 20 ml,), dried, (MgSO^), and 
the ether evaporated.
The residue was distilled to give 2-ethyl-5-methyl- 
-cyclopent-4-ene-3-one 1-carboxylic acid (2,2g,, 70%) b,p, 112- 
114°/0.1-0.2m.m., 1,4931, (Found: C, 64.2; H, 7.3. CgH^gOg
requires C, 64,3; H, 7,15%), A potentiomotrie titration showed 
the compound to be a monobasic acid mth a molecular weight of 
170. (Calculated molecular weight is 168),
The compound liberated carbon dioxide from aqueous 
sodium bicarbonate but gave no colour with ferric chloride 
solution.
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The 2:4-dinitrophenylhydrazone was prepared 
by the addition of the keto-acid (0.5g.) to a saturated 
solution of 2:4-dinitrophenylhydrazine in hydrochloric acid 
(6N, 20ml o) with stirring* The precipitate was crystallised 
from dioxan to furnish dark-red needles m*p, 184—185°, (Found:
0, 52.0; H, 4.75; N, 15.7. requires 0, 51.7;
H, 4.65; N, 16.1%).
The 2:4-dinitrophenylhydrazone slowly dissolved in 
aqueous sodium bicarbonate*
Mild hydrolysis of ethyl 2-ethyl-3-imino-5-methyl- 
-cyclopent-4-ene. 1:2:4-trie arb oxy late, from which it was hoped 
to obtain ethyl 2-ethyl-5-methylcyclopent-4-ene-3-one 
1:2:4-tricarboxylate, was carried out by,
(i) allowing a solution of the imino compound (0*5g.) 
in dilute hydrochloric acid (3N, 40ml. ) to stand for 24 hours 
and then extracting the solution with ether* Only a very little 
of a gum which could not be induced to crystallise, and would 
not distil, was obtained on evaporation of the ethereal 
extract* The gum contained nitrogen*
(ii) heating the imino compound (0.5g. ) under reflux 
with hydrochloric acid (3N, 40ml.) for 10 minutes* After the 
cooled solution had been extracted with ether, the extract was  ^
washed, dried, and evaporated to yield a pale yellow gum which 
liberated carbon dioxide from aqueous sodium bicarbonate but did 
not contain nitrogen* It was not characterised, but was thought 
to be a carboxylic acid obtained by hydrolysis of one or more of
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the ester groups of the imino compound *
Estérification of 2-Ethy 1-5-methylcyclopent-4-ene-3-one
l-Qarboxylic Acid,
2-Ethyl-5-methylcyclopent-4-ene-8-one 1-carboxylic 
acid (Ig. ) was heated under reflux with methanol (40 ml. ) 
whilst dry hydrogen chloride was passed through the solution 
for 4 hours. The excess of methanol was then removed under 
reduced pressure and the residue poured into water containing 
a little potassium bicarbonate. This solution was extracted 
with other (3 x 100 ml.}. After the extract had been washed 
with water and dried, (MgSO )^, the ether was evaporated. After 
distillation, the residue gave methyl 2-ethyl-5-mothylcyclopent-
M:
-4-ene-3-one 1-carboxylate as a colourless liquid (0.9g., 88%) 
b.p. 96-98°/0.1-02m.m. (Found: G, 66.6; E, 8,1. o%4^3 '*
requires C, 66.9; H, 7.8%).
The compound gave no colour with ferric chloride
solution.
The 2:4-dinitrophenylhydrazone was prepared by the 
addition of the koto-ester to 2:4—dinitrophenyltiydrazine solution 
when, after standing, an orange-coloured material separated. 
After recrystallisation from aqueous dioxan, dark-red needles, 
m.p. 162-163°, of methyl 2-ethyl-5-methylcyclopent-4-ene-3-one
1-carboxvlate 2:4-dinitrophonylhydrazone were obtained. (Found;
C, 53.4; H,5.0; N, 14,8. requires C, 53.0; H, 5,0;
N, 15.4%).
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The semiaarhazone was prepared by adding the keto- 
—ester (0.2g. ) dissolved in methanol (0.5 ml.) to a mixture 
of semicarbazido hydrochloride (0.2g.) and crystalline sodium, 
acetate (0.3g. ) which had been dissolved in the minimum amount 
of water. A colourless substance which separated from the 
solution, on standing, was recrystallised from benzene to give 
colourless needles of methyl 2-ethvl-5-methylcvclooent-4-ene- 
-3-one 1-carboxylate semicarbazono. m.p. 170-171°, which turned 
red on melting. (Found: G, 54.9; H, 7.1; N, 17.7. 
requires C, 55.5; H, 6.7; N, 17.6%). /
Decarboxylation of 2-Ethyl-5-methylcyclopent-4-eno-3-one
1-Oarboxylic Acid 
Method of Stork and Burgs tabler (J. Amer. Chem. Soc.,
1951, 73, 8544).
2-Ethyl-5-methylcyclopent-4-ene-3-one 1-carboxylic 
acid, (2.5g.), dissolved in a solution of potassium hydroxide, . 
(2.0g.), in ethanol, (96%, 35 ml.), was heated under reflux for 
17 hours.
After this time the ethanol was removed by 
distillation and the residue diluted with water (100 ml,).
This solution was extracted with ether, (3 x 50 ml.), and 
after the extract had been washed with water, (2 x 10 ml.) and 
dried, (MgSO^), the ether was evaporated.
From the residue was obtained 2-ethy 1-4-methyl cy cl o- 
-pent-4-ene-l-one, as a colourless liquid, (0«3g., 15%),
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b.p. 78-82°A8m.m., 1.5876 (Found: C, 77.1; H, 9.9,
^8^2^ requires C, 77,4; H, 9,7%), which gave a precipitate 
with 2:4-clnitropli0Dy]LliydrazinD solution but which clicl not 
liberate carbon dioxide from aqueous sodium bicarbonate.
The bulk of the residue obtained from the ethereal 
extract, was a gum which would not solidify, nor could it be 
distilled.
Attempted Preparation of Methyl 3-Ijy dr oxy-5-me thyl cy cl op ent adi ene
1:2:4-Tricarb oxylate
The amino-ester B, . mentioned on page 88 namely, methyl
3-amino -5-me thyl eye 1 opent adi ene 1:2:4-tric arb oxylat e^  ( 0, 5g, )^
was dissolved in hydrochloric acid (6N, 40 ml.) and the solution
cooled to 0°. Sodium nitrite solution (0.125g. in 10 ml. water),
which had been, cooled to 0° was then slowly added with stirring.
After 1 hour the solution was extracted with ether (10 x 50 ml,)..
The extract was washed with water (2 x 10 ml.), dried, (MgSO^)^,
'
and evaporated to give an impure oily residue (0.4g,, 80%) 
which gave carbon dioxide with aqueous sodium bicarbonate but 
no colour with ferric chloride soldion.
Unfortunately, owing to the highly viscous nature of 
the substance it was not possible to purify this small quantity 
by distillation. Had the experiments to obtain a solid derivative 
of methyl 3-hy droxy-5 -me thyl eye lop ent adi ene 1:2:4-tri c arboxylat e 
mentioned on page 112 been successful, the method would have 
been applied to' the residue in this instance.
:: 1.
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Preparation, of gg*-Dlcyano-g-methylglutaraioide»
Method of Day and Thorpe (J* Chem. See., 1920, 117, 1465)*
To cyanoacetamide, (m.p. 118° 250g,), dissolved in 
water (15.00 ml,), at 25°, was added freshly distilled 
aeetaldehyde, (90%, 90 ml,), and piperidine, (2,5 ml,).
The solution was allowed to stand overnight after 
which time the colourless amorphous precipitate of aor-dicyano- 
phmethylglut arami do (275g,, 96%), m.p. 158-159° was filtered off 
The precipitate was not purified to the material of 
m.p. 161°, reported by Day and Thorpe, but in its crude state 
was converted into p-methylglutaric acid.
Hydrolysis of aa*-Dicyano-p-mothylglutaraiiiide to give
;
g-Mothylglutaric Acid 
Method of Day and Thorpe (loc.cit, )«,
acL^-Dicyano-p-rnethylglutaramide (m.p. 158-159°, 400g. )
.
was warmed with concentrated hydrochloric acid (1000ml,) until 
it had dissolved. Water (1000 ml, ) was then added and the
solution was heated under reflux for 5 hours,
-
After cooling, the solution was extracted with ether,
(5 X 400 ml.). The extract was washed with'water, (2 x 50 ml.), 
dried (MgSO^) and evaporated. The residue, after recrystall- 
-isation from benzene, gave colourless needles (195g,, 75%) 
m.p, 86-87° of g-methylglutaric acid,
(Day and Thorpe report m.p. 87°)
loa
Conversion of g-Mothylglutaric Acid into Ethyl aà^-Dibromo-
-g-motbylglut arate 
Method of Ingold (ibid., 1922, 121, 2685)
p-Methylglutaric acid (m.p. 86-87° 114g.) was 
warmed with thionyl chloride (commercial, 228g.) until no 
more sulphur dioxide was generated. A little iron wire and 
a few iodine crystals were added to the resultant acid chloride 
to catalyse its bromination, which was carried out at 100° by 
slowly adding bromine (dried over concentrated sulphuric acid,
90 ml.)o
To the cooled reaction mixture was added dry ethanol 
(500 ml.). After being left overmght the solution was added 
to water (1500 ml.) and extracted with ether (3 x 500 ml.).
The extract was washed with sodium bicarbonate solution,
(N; 8 X 100 ml.), dried, (MgSO^), and evaporated.
The residue was fractionally distilled and ethyl 
aa*-dibromo-f~methylglutarate (220g., 79%) was collected at 
168-172°A7m.m.
■
Th.e EiGthyl ester, similarly prepared had b.p. 162-166°/
ITh.m., (Yield 90%).
■
(Ingold reports b.p. 189-190°/28-29m.m. and 179-180°/ 
20m.m. for the ethyl and methyl esters respectively).
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Preparation of the Sodio Derivative of Ethyl 3-Iiydrox5?'-5-meth..yl- 
-eyelopent adiene 1;2 ;4-Tri carb oxylat e
Method of Goss and Ingold (loc.cit,)
Ethyl, malonate (redistilled, b.p, 196-198°, 16g. ) 
and ethyl col-dibromo-g-motlq^lglutarate (20g.) were added, 
with cooling, to ethanolic sodium ethoxide prepared by 
dissolving sodium (4g.) in dry ethanol (50g,).
After keeping at room temperature for 15 hours the 
solution was heated under reflux for 24 hours. After cooling, 
it va:.a poured into ice (25g, ) and extracted with ether (2 x 50ml.), 
The extract was washed with water, dried (MgSO^), and 
evaporated to give a liquid (Ig.) which on distillation proved 
to be unreacted ethyl malonate b.p. 195-197°.
The aqueous solution was saturated with carbon dioxide 
and thorou^ly extracted with ether (10 x 100ml,). The extract 
was washed with water, dried, and evaporated to yield, after 
stEinding in an evacuated desiccator over calcium chloride, a 
hygroscopic solid, (0.2g.), m.p. about 70°, which contained 
sodium and gave a violet colour with ferric chloride solution. h-
In view of the very poor yield and the hygroscopic Ip
nature of the compound it was not possible to investigate its 
reaction with ethyl iodide.
(Goss and Ingold report m.p. of about 70° for the jl
sodio derivative). |;
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Preparation of the Sodio derivative of Methyl 3-1 ly dr oxy -5-
-methylcyclopent adi ene 1:2:4-Tri carboxyl ate
Modified method of Goss and Ingold (loc^cit»).
Methyl malonate (redistilled, bap. 181°, 82g.) 
and methyl aal-dibromo-3-methylglutarate (40g«) were added, 
with cooling, to methanolic sodium methoxide prepared by 
dissolving sodium, (lOg.), in di^ r methanol, (120g. ).
After being kept at room temperature for 15 hours, 
the solution was heated under reflix for 4 hours* The excess 
of methanol was then distilled off and to the cooled residue 
was added ice (50g,). The yellow powder which separated was 
'.crystallised from methanol as yellow needles (23*5g., 32%) 
m,p* 265-270° (decomp.)*
The compound contained sodium and in aqueous solution 
gave a transient violet colour with ferric chloride solution.
(This sodio derivative is stated by Goss and Ingold 
to have m.p. 270° (decomp. ). Ache a on and Robinson, ibid.,
1952, 112? report m.p. 265°.).
Preparation of Methyl 2-Ethyl-3-hydroxy-5-methylcyclopentadiene
1:2:4-Tricarboxy1at e.
Method of-Goss and Ingold (loc.cit.).
The sodio derivative of mthyl 3-hydroxy-5-methylcyclo- 
pentadiene 1:2:4-tricarboxylate (21g.) was heated under reflux 
for 24 hours with ethyl iodide (redistilled, b.p. 71-72° 21g.) 
and dry ethanol (250g. ).
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The solvent was removed and the cooled residue 
poured into water, (500 ml.) and extracted with ether 
(4 x 200 ml.). The extract was washed with water (2 x 50 ml.), 
dried, (MgSO^ ), and the ether evaporated.
Distillation of the residue, yielded methyl 2-ethyl- 
- 8-hy droxy-5 -met hy 1 cyclop e nt adi ene 1:2:4-tri carboxyl ate,
(9.8g., 47%), b.p. 158-160°/0.2m.m.(Found:'C, 56.2; H, 6.35. 
Calculated for C ^H^gOy: C, 56.4; 1% 6.1%), as a colourless oil.
The product gave a blue colour with ferric chloride
r
solution and liberated carbon dioxide from aqueous sodium 
bicarbonate. It was not found possible to prepare either the 
2:4-dinitrophenylhydrazone or the semicarbazone of this ester.
Hydrolysis of Methyl 2-Ft by 1-3-hy dr oxy-5-me t by 1 eye 1 op ent adi ene
1:2:4-Tricarboxylate to yield
(i) 2-Ethyl-5-methylcyclQpent-5-ene-3-one 1-Carboxylic Acid.
(ii) 2-Etbyl-4-metbylcyclopent-4-ene-l-one.
Methyl 2-ethy 1 -3-hvdroxy-5-methyP.cyc 1 opentadiene 
l:2:4-tricarboxylate (5.8g.) was heated under reflux for one 
hour with concentrated hydrochloric acid (100 ml.). After 
cooling, the solution was extracted with ether (10 x 50 ml.) 
and the extract washed with brine (2 x 50 ml.). The extract 
was then dried (MgSO^) and the ether evaporated.
Distillation of the residue gave 2-ethyl-4-methylcyclo- 
pant-4-ene-l-one as a colourless mobile liquid (2.0g., 92%) 
b.p. 80-32°/0.1m.m^, n^^ 1.5879, (Found: C, 77.5; K, 9.5.
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Calculated for : G, 77.4; H, 9.7%% which did not
liberate carbon dioxide from aqueous sodium bicarbonate 
nor give- any colour with ferric ch]o ride solution.
The 2:4-dinitrophenvlhydrazone was prepared by addition 
of the ketone to acidic 2:4-dinitrophenyllydrazine solution» It 
separated from nitromethane in red needles m.p. 104° (Found:
G, 55.6; H, 5,15; N; 18.0. requires C, 55.3;
H, 5.3; N, 18.4%).
The s emi c arb az one crystallised from benzene in 
colourless needles, m.p. 213-214°, (Found: C, 59.9; H,8.1;
N, 23.3. CgH^^ONg requires C, 59.6; H, 8.3; N, 23.2%).
In view of the fact that the ketone obtained was 
the final decarboxylation product of methyl 2-etbyl-3-hydroxy- 
-6-me thyl cyclop ent adi ene 1:2:; 4-tri carboxyl ate and that the 
product required was the mono-carboxylic acid, it was decided 
to determine the optimum time for hydrolysis. The best yield 
of mono-carboxylie acid was obtained under the following 
conditions.
Methyl 2-ethyl-3-hydroxy-5-methylcyclopentadiene 
1:2:4-tri carboxyl ate (llg.) was heated under reflux for 20 
minutes with concentrated hydrochloric acid (200 ml. After 
cooling, the solution was extracted with ether (10 x 100 ml.). 
After the extract had been vfashed with brine (2 x 50 ml.), it 
was dried, (MgSO.), and the ether was evaporated.
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Distillation, of the residue gave a colourless 
liquid (0.34g., 7%}, b.p. 80-32°/0.1m.m. which was identical 
with the 2-ethyl-4-methylcyclopent-4-ene-l-cne previously 
described.
A higher boiling fraction of 2-ethyl-5-methylcyclopent-
-5-ene-3-one 1-carboxylic acid (4.1g,, 66%) b.p. 112-114°/0.1- 
20
-0.2m.m. n^^ 1.4958. (Found: C, 64.7; E, 6.95. CgH^^Og
requires C, 64,3; H, 7.15%) was also obtained. This fraction 
liberated carbon dioxide from aqueous sodium bicarbonate but did 
not give a colour with ferric chloride solution. A potentio- 
-metric titration showed the compound to be a monobasic acid with 
a molecular weig)rb of 159. (Calculated molecular v/eight 168).
The 2:4-dini trophenylhy dr az one was prepared by the 
addition, with stirring, of the keto-acid (0.5g.) to a cold 
saturated solution of 2:4-dinitrophenylhydrazine in hydrochloric 
acid (6N; 20 ml.). The compound separated from dioxan in red 
needles, m.p, 214-215°. (Found: C, 51.5; H, 4.9; N, 16.5. 
^15^6^^4^6 esquires C, 51,7; H, 4.6; N, 16.1%). It was 
soluble in aqueous sodium bicarbonate.
The m.p. of a mixture of this 2:4-dinitrophenyl-
hydrazone and the 2:4—dinitrophenylhydrazone of 2-ethyl-5- 
methylcyclopent-4-ene-3-one 1-carboxylic acid was lower than • 
that of either compound.
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Treatment of 2-Ethyl-4-methylcyclopent-4-ene-l-one with
Ozonised Oxygen 
A solution of 2-ethyl-4-methylcyclopent-4-ene-l- 
-one, (0*8g.), in glacial acetic acid, (20 ml.), at room 
temperature, was subjected to the passage of ozonised oxygen 
for 1 hour. The reaction mixture was then added to a solution 
of hydrogen peroxide (5 ml., 30%) in sulphuric acid (6N, 5 ml.), 
After heating the solution under reflux for 2 hours, 
the acetic acid was distilled off under diminished pressure. 
Water was periodically added to the distillation flask to 
prevent the material in it from becoming dry. From the residue 
was obtained, by extraction with ether, an oil (0.6g., 68%), 
which liberated carbon dioxide from aqueous sodium bicarbonate.
In view of the possible instability of the oil it was 
not purified but was converted into c-ethyl-1aevulic acid 
s emic arb az one, m.p. 172-173° (Found: N,28.B. Calculated for 
N,28.6%).
(Gault and Salomon, Annales de Chimie, 1924, 2 ,  133- 
209, give m.p. 171-172° for the semicarbazone of 
a-ethyl-laevulic acid).
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Estérification of 2-Eth.yl-5-methyleyclopent-5-ene-3-one
1-Carboxylie Acid
2-Ethyl-5-methylcyclopeni~ 5-ene-3-one 1-carboxylic 
acid (Ig.) was heated under reflux with dry methanol (40 ml.) 
whilst dry hydrogen chloride was passed through the solution 
for four hours.
The excess of methanol was then removed by 
distillation under reduced pressure and the residue was poured 
into water containing a little potassium bicarbonate. This 
solution was ether-extracted (3 x 100 ml,) and, after the 
extract had been washed with water, dried, (MgSO^), and 
evaporated, the residue was distilled to give methyl 2-ethyl- 
-5-methylcyclo-pent-5-ene-3-one 1-carboxy1atè as a colourless 
liquid, (0,71g,, 70%), b.p, 96-98°/0.1-0.2m.m. (Found: 0, 66,1; 
H, 7.6, ^10% 4^8 requires C, 65,9; H, 7.8%).
The keto-ester gave no colour with ferric chloride 
solution and did not liberate carbon dioxide from aqueous 
sodium bicarbonate. The 2:4-dinitrophenylhydrazone was prepared 
by the addition of the keto-ester (0.25g,) to a saturated solut­
ion of 2:4-dinitrophenylhydp0_2ine in lydrocliloric acid (20 ml,)* 
After standing, for a few minutes methyl 2-ethyl-5-methylcyclo- - 
-pent-5-ene-3-one 1-carboxylate 2:4-dinitrophenylhydrazone was 
obtained. Recrystallisation from nitromethane gave dark-red 
needles m.p. 172-173° (Found: C, 52,75; H, 4.8; N, 15.6. 
^16%8^6^4 G, 53,0; H, 5,0; N, 15,4%), The
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2:4~dlnitrQphenylhydrazone was insoluble in potassium 
bicarbonate solution.
The m.p, of a mixture of this 2:4-dinitrophenyl- 
-hydrazone and the 2:4-dinitrophenylbydrazone of methyl
2-ethyl-5-methylc.yclopent-4-ene-3-Qne 1-carboxylate was lower 
than that of either compound.
The semicarbazone was prepared by adding the 
keto-ester (0,2:5g,) dissolved in methanol (0,5 ml,) to a
mixture of semic arbazi de liydrochloride (0,25g,) and sodium 
acetate (0,35g,) which had been dissolved in the minimum 
amount of water. Crystallisation, from benzene, of the 
methyl 2-ethyl-5-methYlc.Yclopent-5-ene-3-one 1-carboxylate 
semicarbazone which separated from the reaction mixture gave 
colourless needles m,p, 151-152° (Pound: N,18,0. 
requires N,17,6%),
The m.p, of a mixture of this semicarbazone and the 
semicarbazone of methyl 2:-etbyl-S-pethyleye 1 opent-4-ene-3-one
1-carboxylate was lower than that of either compound.
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Preparation of Methyl 2:5-Dimethyl-3-hydroxycyclopentadiene 
1:2:4-Tri c arboxylate *
The sodio derivative of methyl 3-hydroxy-5-methyl- 
-eye1opent adi ene l:2:4-tricarboxylate, (15g.), was heated under 
reflux for 24 hours with methyl iodide, (15g.), and dry methanol 
(QOgo), and the excess of solvent distilled off.
The cooled residue was poured into water (100ml*) 
and extracted with ether (4 x 100ml, ). The extract was washed 
with water (2 x 50ml.), dried (MgSO^), and the ether evaporated.
Distillation of the residue, yielded methyl 2:5-dimethyl- 
-8-hydroxycyclopentadiene 1:2:4-tri c arboxy late, (4.2g., 30%) 
b.p. 138-142°/0o2mm. (Pound: C, 55.2; H, 5.7. requires:
C, 54.95; H, 5.65%) wliich was obtained as a colourless oil.
In favour of the above structure it was not found 
possible to prepare either the 2:4-dinitrophenylhydrazone or 
the semicarbazone of this hydroxy-ester which gave a. blue colour 
with ferric chloride solution and liberated carbon dioxide from 
aqueous sodium bicarbonate.
Hydrolysis of Methyl 2:5-Dimethyl-3-hydroxycyclopentadiene 
1:2:4-Tri c arb oxylat e to Give 2:4-Dimethylcyclopent-4-ene-l-one.
Methyl 2:5- dimethy 1-3-hydroxy cy do p ent adi ene 1:2:4- 
-tri carboxyl ate (4g. ) was heated under reflux for 1 hour with
concentrated hydrochloric acid (100ml.). After cooling, the
solution was extracted with ether (10 x 50ml.) and the extract
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was washed with brine (2 x 5 0 m l T h e  extract was then dried 
(MgSO^) and the ether was evaporated *
Distillation of the residue gave 2:4-dimethyIcyclo- 
-pent-4-ene-l-one as a colourless mobile liquid (Idgo, 70%) 
b.p. 60-62°A8mm., 1.4750 (Fomid: C, 75.9; H, 9.4. Calc,
for C^H^qO: C, 76.3; H, 9,0%).
(Nazarov and Elizarova, Chemical Abstract^ 1952, 46,
914, give b.p. 180-182°/757mm., n ^  1.4770. These workers
also state that isomérisation of 2:4-dime thyl cycl_opent-2-ene-l-one
to 2:4—dimethylcyclppent-4-ene-l-one occurs in concentrated
/ ■
hydrochloric acid at 75-80°.)
The 2:4-dinitrophenylhydrazone; prepared by addition 
of the ketone to a .solution of 2:4-dinitrophenylhydrazine in
dilute hydrochloric aci^ separated from ethanol as dark-red 
needles, m.p. 183-184° (Found: C, 53.9; H, 5.1; N, 19.2. Calc, 
for C, 53.8; H, 4.85; N, 19.3%).
(Nazarov and Elizarova, loc. cit., give m.p. 184-185°).
Hydrolysis of the Sodio Derivative of Methyl 3-Hydroxy-5- 
-methylcyclopentadiene 1:2:4-Tricarboxylate to Give 2-Methyl- 
-cyclopent-2-ene-4-one 1-Carboxylic Acid.
Method of Ache son and Robinson (loc.cit.)
The sodio derivative of methyl 3-hydroxy-5-methyl- 
-cy dopent adi ene l:2:4-tricarboxylate (4g.) was heated under 
reflux with concentratedd^^-drochloric acid (20ml.) for 1 hour
I ,
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The cooled solution was extracted with ether (10 x 50ml,), 
After washing the extract with brine (3 x 10ml. %' it was dried 
(MgSO^ ); and evaporated. The residue sublimed at 50°/0.1mm. to 
give a colourless micro-crystalline solid, m^p# 54.5-55°
(Found: C, 52.95; H, 6,0. Calculated for CyHgOgpHgO: G, 53.2;
H; 6,3%).
The infra-red absorption spectrum of the acid so 
obtained was identical with that of the keto-acid obtained after
hydrolysis of methyl 3- ami no -5 -me thy ley dopent adi ene 1:2:4-
-tricarboxylate.
The 2:4-dinitrophenylhydrazone of 2-methylcyclopent-
-2-ene-4-one 1-carboxylic acid was prepared by mixing an
aqueous solution of the keto-acid with a cold saturated solution
of 2:4-dinitrophenylhy drazine in 6N-hy drochlori c acid. It
separated from dioxan in brown prisms, m.p. 215-218°, which
did not depress the melting point of the 2:4-dinitropheny 1-
-hy dr azone of the keto-acid obtained from the hydrolysis of
methyl 3-emino-5-methylcyclop ent adi ene 1:2:4-tricarboxylate.
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Preparation of Methyl 3-Hydroxy-5~methylcyclopentadiene 
1:2:4-Trie arboxylate.
Method of Ache son and Robinson (J. Chem. Soc., 1952, 1127).
The sodio derivative of methyl 3-hydroxy-5-methy1- 
-cy clopentadi ene 1:2:4-tricarboxyl ate (lOg.) was dissolved, 
with stirring, in ice-cold sulphuric acid (5N, 100ml.) and 
the solution extracted with ether (5 x 50ml.). The ethereal 
extract was washed with water (2 x 25ml. ), dried (MgSO^) and 
evaporated to yield a colourless viscous oil (6.5g.,70%) 
b.p. 166-170 V O . 1-0.2mm., 1.4894.
17Aches on and Robinson report b.p. 175-180 V 2mm., n^ 1.4892.
Attempted Preparation of Derivatives of Methyl O-Hvdroxy- 
-5-methylcyclopentadi ene 1:2:4-Tricarboxylate.
(i) The hydroxy-ester (0.5g.) was added to a 
saturated solution of 2:4-dinitrophenylhydrazine in hydrochloric 
acid (6N,10ml. ) and the solution was gently heated for 5 
minutes. No precipitate was obtained after standing for 7 days.
(ii) The hydroxy-ester (1.5g.) and its sodio 
derivative (1.5g#) were separately added to benzoyl chloride 
(commercial; l#5g.) dissolved in dry pyridine (lOg.).
Both solutions were heated under reflux for 15 
minutes, cooled, poured into water (100ml.) and extracted with 
ether. The extracts were washed i,vith hydrochloric acid
(6N,2 X 10ml.) and water (2 x 10ml.) bu% after drying (MgSO^ ), 
and evaporating the ether, only the hydroxy-ester was obtained, 
in both cases.
This procedure was attempted only after the Schotten- 
-Baumann method had failed.
(iii) Xanthydrol (m.p. 122-123°, 0.5g.) and the 
bydroxy-ester (0.5g.) were dissolved in redistilled acetic acid 
(10ml.). After 15 hours the solution was poured on to ice (25g.) 
and.a colourless gummy material separated. After filtration, 
the colourless precipitate, in the period of about 2 minutes, 
became a dai'k gum. Quicker filtration of "the colourless 
substance gave a material which on attempting to crystallise, 
from methylated spirit^ once more produced only a dark gum.
(iV) Triphenylmethanol (m.p. 159-160°,0.5g. ) and
the hydroxy-ester (0.5g.) were dissolved in redistilled acetic 
acid (10ml.) to which 2 drops of concentrated sulphuric acid 
had been added. After being allowed to; stand overnight the 
solution was poured into water (50ml.) from which unchanged 
triphenolmethanol separated.
Substitution of formic acid (commercial, 90%) for 
acetic acid gave the same result.
(V) To a solution of p-ethoxybenzhydrol (m.p.42°, 
0.2g.) in warm formic acid (commercial, 90%) was added the 
hydroxy-ester (0.2g.). The solution was kept at 90° for 1 hour, 
cooled and poured into water (100ml.), The material which 
separated, after crystallisation from methylated spirit, gave
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colourless needles m.p. 85-86°. This compound is also obtained 
when the hydroxy-ester is omitted from the above preparation 
and is presumably formed due to the interaction of formic acid 
and p-ethoxybenzhydrol.
(vi) The sodio derivative of methyl 3-hydroxy-5- 
-methylcyclopentadiene 1:2:4-triearboxylate (l.Og.) was added 
to a saturated aqueous solution (10ml.) of S-benzylisothiuronium 
hydrochloride (m.p. 171-172°) in which it dissolved on stirring. 
No precipitate was obtained after standing for 7 days nor even 
after the solution had been warmed to 90° for 1 hour.
In view of the failure of these varied reactions to 
yield a crystalline derivative, the possibility of obtaining a 
solid metallic salt was explored.
Methyl 3-h,ydroxy-5-methylcyclopentadiene 1:2:4- 
-tricarboxylate (O.Sg.) was added in turn to saturated aqueous 
solutions (10ml.) of lead acetate, silver nitrate, copper _ 
sulphate, ferrous sulphate and ferric chloride. In the last 
case, on stirring for 1 hour, a light-blue solid separated from 
the solution in poor yield (10%). On attempting to crystallise 
this from water the solid would not dissolve but slowly became 
gummy.
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Preparation of Ethyl cu-Cyanobutyrate.
Ethyl cyanoaoetate (redistilled, b,p. 103-105°/16mm., 
50g. ) was added to an ethanolic solution of sodium ethoxide 
prepared by dissolving sodium (lOg. ) in dry ethanol (150g. ).
Ethyl iodide (70g.) was slowly added with cooling and the 
solution, after standing overnight, was heated under reflux for 
2 hours and the solvent subsequently removed.
The cooled residue was neutralised with dilute 
sulphuric acid and the solution extracted with ether, (3 x 150ml.)j* 
The washed and dried extract was evaporated to leave 
ethyl a-cyanobutyrate as a colourless liquid (50g., 80%),
i
b.p, 105-107°/20mm, 203-205°/760mm. |
Ilisikawa (Chemisches Zentralblatt, 1935,11,1550) reports i
b.p. 204,5-206.5° for ethyl a-cyanobutyrate.
Preparation of Ethyl 4-Ethyl-3-imino -5-methylcyclopent-?-ene
1:2:4-Tric arboxvlat e.
Ethyl 3-methylcycloprop-2-ene 1:2-diearboxylate (50g.) 
and ethyl a-cyanobutyrate (35g.) were successively added to 
ethanolic sodium ethoxide prepared by dissolving sodium (lOg. ) 
in dry ethanol ( 250g. ).
After 15 hours at room temperature,, the solution was 
heated under reflux for 3 hours, cooled and poured into an 
equal volume of water.
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This SQlution was extracted with ether, (5 x 200ml. ). 
After the extract had been washed with water (3 x 50ml. ), dried, 
(MgSO^), and evaporated, a brown gum (20g. ) was obtained. This 
product could not be induced to crystallise nor would it distil 
without decomposition. Chromatographic separation was then tried 
in the following manner
The minimum of ether (sodium dry, 2ml.) was added to 
the gum (pgo) to prevent this material from precipitating when 
added to petroleum (60/80°, 98ml.), This solution was poured 
through an alumina-filled glass column which was then developed 
with a solution of ether (sodium dry,. 6ml.) in petroleum (60/80°, 
294ml.). The strength of the eluting solutions of ether in 
petroleum was increased sO' that 100ml. of 4%, 6%, 10%, 50% and 
finally 100% ether was subsequently added.
After the hold-up of solvent in the column had been 
discarded, fractions of 50ml. each were taken as the elution 
proceeded. After evaporation of the solvent from these fractions 
had been carried out, colourless oils were obtained. No solid 
material was obtained even on long standing nor even after 
a little liquid, which was not characterised, had been removed, 
under diminished pressure, from the oils.
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Hydrolysis of the Previous Product to Give
2-Ethy l-3-niethy ley clop ent- ?-ene-1 - one .
The extracted residue (15g.) from the previous 
experiment was heated under reflux for 1 hour with concentrated 
hydrochloric acid (40ml.). After cooling, the solution was 
extracted with ether (10 x 25ml.).
The extract was washed with brine (3 x 10ml.), 
dried, (MgSO^), and the ether evaporated to give a liglit-brovm 
liquid. Distillation of this residue gave 2-ethyl-3-rjiethyl- 
cyclopent-?-ene-l-one (0.5g. ) b.p. 30-35°/0.1-0.2mm. (Pound:
C, 77.1; H, 9.7. Calculated for CgH^^O: C, 77.4; H, 9.7%) 
as a colourless liquid.
The 2:4-dini trophonylhy dr azone was obtained by the 
addition of the ketone to a solution of 2:4-dinitrophenyl- 
-hydrazine in dilute hydrochloric acid. It crystallised from 
nitromethane in dark-red needles m.p* 178-180° (Pound: C, 55.0; 
H, 5.2; N; 18.0. Calculated for C, 55.3; H, 5.3;
N; 18.4%).
A mixture of this 2:4-dinitrophenylhy dr azone and 
the 2:4-dinitrophenylhy dr azone of 2-ethyl-4-methylcyclopent- 
-4-ene-l-one melted at a temperature below that of the m.p. 
of either component.
